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Hmbriologia de 10s C6ccidos, con especial menci6n de la for- 
maci6n del ovario, origen y diferenciacih de las c6lulas ger- 
minales, capas germinales, rudimentos del intestino medio y 
10s organismos simbibticos intracelulares. 
Los 6vulos, c6lulas nutridoras y las c6lulas del epitelio folicular 
se originan a expensas de las c6lulas germinales primordiales. 
Cuando el huevo entra en el oviducto posee las cubiertas ordi- 
narias y una colonia de simbiotos. El blastodermo se forma por 
la emigraci6n de una parte de las c6lulas de segmentaci6n hacia 
la superficie, mientras que el resto de ellas forma las llamadas 
c6lulas vitelinas. La formaci6n de la placa ventral es de tipo 
invaginado, solamente la pared dorsal del tubo asi formado es 
embrionaria, constituyendo el resto la capa amni6tica. Los 
aphdices comienzan a esbozarse en ‘el siguiente 6rden: labio, 
maxilas, patas torzicicas, mandibulas, antenas y labro. Existe 
una verdadera ghstrula. Los neuroblastos son teloblasticos y 
dan lugar, por mitosis, a ganglioblastos. Existe una revoluci6n 
del embri6n. Un poco antes de entrar en el oviducto, el huevo 
es invadido por una colonia de organismos globulares o en 
forma de bastbn, que se rodean de cblulas germinales cuando se 
diferencian estas liltimas. 
Translation by Josh F. Nonidez 
Carnegie Institution of Washington 
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1. INTRODUCTION 
Historical 
On account of their economic importance, scale insects have 
been the object of extensive observations by several inves- 
tigators. The literature pertaining to these insects is, however, 
limited in its scope, being mostly concerned with the external 
morphology, general accounts of the life history, habits, and 
methods of control. The accounts of the formation of the egg 
and subsequent history of the development of coccids are mostly 
1A thesis submitted to the faculty of the Graduate School of the University 
of Missouri for the degree of Doctor of Philosophy. 
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fragmentary. One of the earliest works of this kind was by 
Leydig (’54), who described and figured the general appearance 
of the ovaries of Lecanium (Coccus) hesperidum and its eggs 
with three nurse cells and an egg cell. Although he did not 
actually describe the process of differentiation of the ovarian 
elements, he claimed that nurse cells, egg cell, and the epithelial 
cells must have arisen from undifferentiated germ glands. He 
also described the formation of the embryo from the egg by 
multiplication of the single egg cell. The statement that this 
form is really viviparous was made in this article. He also pointed 
out the presence of numerous pseudonavicellae in this insect. 
These organisms, according to him, migrate into the egg at 
its posterior end and multiply rapidly by budding. 
Leuckart (’58) has also studied the ovarian structure of 
Lecanium hesperidum and found that three nurse cells and 
an egg cell developed from epithelial cells. Therefore he mdin- 
tained, as his predecessor did, that the nurse cells and the egg 
cell are the modifications of the epithelial cells. 
Lubbock (’59) also came to the same conclusion, namely, the 
nurse cells, the egg cell, and the epithelial cells are all originally 
undifferentiated cells of the germ rudiment. 
The most complete account of the development of coccids 
was, however, presented by Mecznikow (’66). His work on 
coccids is not so complete as was that for Aphids, Corixa, and 
Cecidomia. Nevertheless, it covers the development of the 
Aspidiotus nerii from a single egg-cell stage to the time of hatch- 
ing. He described and figured a differentiated egg with its 
germinal vesicle. The appearance of the ‘Wulst’ prior to the 
formation of the blastoderm and the invagination of the blasto- 
derm near the posterior pole of the egg were also mentioned. 
One layer of the invaginated ‘Keimhugel’ degenerated to form 
the amnion while the other developed into the embryo proper. 
However, he failed to observe the phenomenon of revolution of 
the embryo. The entire alimentary canal, he thought might be 
formed by further elongation of both stomodeum and proc- 
todeum. He described and figured an early appearance of the 
germ cells and of the pseudovitellus. 
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Brandt ('89), who likewise studied Lecaniuni hesperidum and 
Aspidiotus nerii, with special reference to the embryonic cover- 
ings, stated that the embryo of Aspidiotus nerii was bent, as 
Mecznikow had already described, with its caudal part over the 
oral portion. He further observed the process of the revolution 
of the embryo following the rupture of the amnion. In Aspidi- 
otus, he observed, as did also Mecznikow, that the ventral plate 
of the embryo was found lying closely on the amniotic covering, 
even before the revolution, so that the yolk was rapidly removed 
from this region. 
Then followed the work of Putnam ('78) on the cottony maple 
scaIe, Pulvinaria innumerabilis. This writer evidentIy thought 
the ovarian eggs were in some manner, unknown to him, attached 
to the body cavity by their free or anterior end, where the dif- 
ferentiation first takes place. Besides this mistake, his figures 
are too vague to show anything very definite. However, this 
much was sure, that the eggs of the cottony maple scale developed 
within the body of the female. He detected the presence of the 
pseudonavicellae in the female before mating and also in the 
older eggs. The method of infection or the possible migration 
of these bodies into the eggs was not studied. However, he 
suggested that these bodies, having higher specific gravity than 
water, may represent the metamorphosed state of spermatozoa, 
and that their presence in the egg may be comparable to the 
phenomenon of fertilization. 
Witaczil's ('86) work on the anatomy of the coccids contains 
an account of the differentiation of the nurse cells and of the egg 
cell from undifferentiated epithelial cells in the ovaries of Leucaspis 
pini. Although not figured, there is an account of the presence 
of the so-called nutritive string between the nurse chamber and 
the egg chamber. He did not find the pseudovitellus in the eggs 
of several species, but expressed the view that the pseudovitellus 
of Mecznikow may represent a mass of yolk granules. 
The investigations above mentioned were entirely made upon 
fresh material or a t  least upon material prepared in toto. The 
eggs were usually studied in water to which acetic acid and sugar 
were added, or in somewhat similar solutions. The only paper, 
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the result of the study of the sectioned material, fixed and stained in 
accordance with modern microscopic technique is the contribution 
by Emeis ('15). The sole purpose of his article was to present 
the history of the three ovarian elements, namely, the nurse cells, 
the egg cell, and the epithelial cells. He did not, however, show 
whether the epithelial cells, from which the egg and the nurse 
cells develop, come from the primordial germ cells or from the 
original mesoderm. He was also not sure whether or not a quan- 
titative or qualitative cell division takes place among the early 
oogonial and oocytd cells. His cytological accounts of the ovarian 
cells do not include the phenomenon of the polar body formation. 
Nevertheless, the most interesting feature of the article is the 
discovery of the symbiotic organisms in the egg as well as in the 
epithelial cells. 
As the foregoing brief survey of literature indicates, two phases 
only of the development have been confirmed. The rest of the 
accounts still remain to be confirmed or rejected, while the origin 
and subsequent history of the pseudovitellus and the Pseudo- 
navicellae demand a new and careful investigation. Again the 
development of several organs (respiratory, circulatory, sensory, 
and secretory) remains entirely undescribed. 
The purpose, then, of this work is to contribute as much as 
possible toward the embryology of certain scale insects, with, 
however, especial reference to the history of the pseudovitellus, 
the germ cells, germ layers, alimentary canal, and nervous system. 
Before going further, I take this opportunity to acknowledge 
my indebtedness to Professor Haseman, of the University of 
Missouri, with whom the work was carried on. My hearty 
thanks are due to Mr. Hollinger, who not only helped me in the 
collection and identification of the material, but also gave valu- 
able information, and, above all, daily encouragement; and to 
Mr. Severance, of the library, through whose effort many valuable 
journals in the library of Congress and of other institutions were 
made available to me. Last, but not least, obligation is due to 
Professor Woodworth, of the University of California, with whom 
the study of the cottony cushion scale was originally begun. 
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Material and methods 
Three species of Coccidae belonging to three different genera 
were chosen for the present investigation. These are: the 
mealy bug, Pseudococcus mcdanieli Hollinger (ms.) ; Hunter’s 
Lecaniodiaspis, Lecaniodiaspis pruinosa (Hunter) ; the cottony 
cushion scale, Icerya purchasi Mask. 
The material of the mealy bug was obtained from its most 
favorite host plant, the ragweed (Ambrosia trifida Linn.), on two 
trips in the latter part of September and another in early October, 
while that of Lecaniodiaspis was collected from time to time on 
two elm trees on the campus of the University of Missouri, during 
the season of 1917 to 1918. The cottony cushion scale was col- 
lected from Acacia and Pitosporum found in the vicinity of San 
Francisco Bay, California, during the seasons of January, 1915, 
to May, 1917. 
Of the three species each had its own advantages. The eggs 
of the mealy bug were very easily fixed, sectioned, and stained, 
but they were so small that it was difficult to dissect away the 
chorions. The eggs of both the cottony cushion scale and Lecan- 
iodiaspis are large, and the chorion can be removed easily. The 
eggs of the Lecaniodiaspis, however, stain with considerable 
difficulty. In fact, the egg of the cottony cushion scale was the 
most favorable material, having none of the disadvantages above 
mentioned. Yet it must be said here that it was with the study 
of Lecaniodiaspis and to a considerable extent with that of the 
Pseudococcus that the writer was able to see the true significance 
of several organs and inclusions. 
The experimental method of determining the age of the embryo 
was tried to a considerable extent with the cottony cushion scale. 
For this purpose, about thirty adult females with the egg sacs 
were collected, together with the infested twigs. After removing 
the egg sac with a sharpened bamboo stick, the females were 
placed in small paper boxes. Every five or ten minutes the 
specimens were observed, and if an egg was seen protruding from 
the vaginal orifice, it was transferred into a numbered gelatin 
capsule. In the capsule, the egg was able to develop even to the 
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time of hatching. Thus the experiment went along with promise 
of success until several of the eggs supposed to be of the same age 
were fixed and mounted in toto. The examination of these 
prepared specimens, however, showed that no two of them were 
in the same stage of development. One of them contained an 
embryo nearly ready to hatch, another had an embryo with its 
appendages well recognizable, while the remainder were mostly 
in much earlier stages. 
Sectioned material of several adult females of both the mealy 
bug and cottony cushion scale brought to light the fact that 
the eggs of these two species of coccids undergo a partial devel- 
opment in the uterus of the female. The early deposition of 
the egg was usually noticed in specimens in which the growth of 
the ovarian eggs was in rapid progress. The eggs were not 
deposited until the completion of the blastoderm. The eggs of 
the Lecaniodiaspis, on the contrary, were deposited at the first 
cleavage stage, and should serve as the most desirable material 
for this purpose. Unfortunately, I have failed to work with this 
species during the past year. 
Thus the determination of the age of the eggs by the experi- 
mental method alone is not reliable. Therefore the relative ages 
of the embryos in this study were mostly determined by the 
number of cells, the position of the polar granules, the length of 
the embryo and of the appendages, and other morphological 
features. 
Most of the material for embryological study was obtained 
from egg-sacs of the fully matured female scales in the following 
manner: Several females with their egg-sacs were collected at 
various times of the day, and the egg-sacs were separated from 
the body with a sharpened bamboo stick or needle. Tn some 
cases the eggs were lightly shaken out of the egg-sac into a watch- 
glass containing the fixing fluid, but in many cases the entire egg- 
sacs were dropped directly into the watch-glass containing the 
fixing fluid, and the cottony substance was removed afterward 
with a pair of sharpened bamboo sticks. The use of sharpened 
bamboo sticks proved to be advantageous, for they can be made 
of any desired sharpness and they are not acted upon by such 
corrosive mixtures as Gilson’s. 
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One of the fixing reagents most extensively used was Carnoy's 
aceto-alcohol-chloroform mixture, prepared by mixing thoroughly 
equal parts of absolute alcohol, glacial acetic, and chloroform 
saturated with corrosive sublimate. Eggs fixed in this mixture 
for from one to two hours lost their red pigment and became 
transparent. They were then washed in 30 per cent alcohol for 
.two hours, and passed through 50 per cent to 70 per cent alcohol 
with an intermission of one hour. They were then either left in 
70 per cent alcohol until needed or dehydrated by passing them 
up through 90 per cent, 100 per cent alcohol to xylol and 
imbedded in 52" to 58" paraffin. 
Sections were cut from 5 p  to 7 p  in thickness and stained mostly 
with iron alum haematoxylin followed by eosin, orange G, acid 
fuchsin, or a mixture of these. The triple stain, saffranin-gentian- 
violet, and orange G, was also frequently used with very good 
results. 
For whole mounts, the eggs were passed from 70 per cent to 30 
per cent alcohol, in which the chorion was dissected away under 
a binocular microscope. Embryos thus freed of their chorions 
were stained with a diluted solution of gentian violet for from one 
to six hours and then decolorized with 70 per cent alcohol. Dela- 
field's haematoxylin, borax carmine, and alum cochineal have also 
been used with fairly good results. The most beautiful specimens, 
however, were those that were treated with gentian violet. 
For the study of the history of the germ cells not only the 
genital organs of the embryo, but also those of several stages of 
larvae, pupae, and adult scales were necessary. Ovaries were 
mostly dissected out and fixed in either Fleming's or Zenker's 
solution. In many cases, however, whole larvae, pupae, and 
adult were put directly into Cilson's or Carnoy's aceto-alcohol- 
chloroform solution, sectioned and stained in the same manner as 
in the case of embryos. 
Perenyi's solution was also tried, but all except the aceto- 
alcohol-chloroform mixtures were useless unless heated to 70"C., 
because the eggs as well as larvae are covered with a waxy sub- 
stance which prevents penetration of fluids. When heated, these 
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fixing fluids as well as ordinary water will kill and fix the specimen, 
but in such a case the finer details of nuclear structure are often 
destroyed or distorted. 
2. THE ORIGIN AND DIFFERENTIATION OF THE OVARIAN 
ELEMENTS 
The germ cells in the ovaries of the larvae at the time of hatch- 
ing are similar in size and appearance (fig. 1). By mitosis, these 
germ cells multiply during the first, second, and third larval stages 
and form a mass of so-called oogonia (fig. 6.) At an early period 
in the fourth larval stage, however, all oogonia cease to multiply. 
Consequently, all appear alike on account of .their being in 
the so-called resting stage. This condition is soon followed by 
a peculiar phenomenon. A few oogonia situated along the 
periphery of the ovary suddenly undergo another, the last, 
oogonial division and begin to grow, not only in size, but also in 
nuclear complexity. The number of these oocytes of the first 
order forming a group varies with the species. In Pseudococcus 
there are four oocytes in a group, but in Icerya the number is 
five. At first the nuclei of the oocytes in each group appear 
exactly the same, all being in the so-called synizesis stage (fig. 4). 
From the contracted nuclear contents fine thread-like chromo- 
somes emerge (fig. 6). At first these chromosome threads are 
distinctly doubled, but later appear as single. 
Meantime a sort of protoplasmic substance begins to be 
secreted around each of the oocytes except the one situated 
toward the proximal end. As their later history shows, these 
secretory oocytes nourish the single oocytes located below or 
toward the distal end, and thus become the so-called nurse cells. 
The cytoplasm areas of the fast-growing nurse cells soon come 
into contact with one another. Being colloidal in nature, the 
nutritive substances secreted by the nurse cells elongate in the 
direction of the least resistance, which in this case is toward the 
egg nucleus, for the expanding force of the nurse cells is much 
greater than that of a single egg cell situated near the distal end. 
Consequently, the nutritive substance, which is elaborated by 
the nurse cells, now literally pours over the egg, causing a rapid 
increase in its size (fig. 11). 
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Epithelial cells which surround the nurse chamber above never 
multiply, but those around the egg multiply rapidly and help to 
accommodate the protoplasmic substance which pours from the 
nurse chamber above (fig. 15). Soon a constriction becomes 
evident at the junction of the two chambers (fig. 16), due partly 
to the ingrowth of the epithelial cells at the base of the nurse 
chambers and partly to the rapid expansion of the egg and nurse 
cells. The epithelial cells surrounding the egg chamber are 
cubical or elongate ovoid in shape and actively divide, while 
those around the constriction are smaller and spindle shaped. 
No mitosis was observed among the latter. 
As the constriction progresses, the space through which the 
two chambers communicate becomes smaller. Consequently, 
the protoplasmic substance, which has been flowing homogeneously 
toward the egg nucleus or the germinal vesicle, now flows out of 
this small passage in minute streamlets as molasses does when 
poured through a funnel into a flask. The nuclei of the nurse 
cells still increase in size, and change from spherical to egg-shape, 
the narrow end being directed toward the egg chamber. The 
chromatin threads become broken into numerous chromatin 
bodies of different sizes. The nucleus of the egg proper moves 
toward the center of the egg chamber, but the chromatin threads 
are still in the paired condition as last described. Their affinity 
for iron-alum haematoxylin is changed. They now stain so 
faintly with this dye as to seem almost achromatic in nature. 
From this time on, the germinal vesicle begins to migrate from 
the center toward the periphery of the egg. During this migra- 
tion the chromosomes lose their paired appearance and form 
several small, spherical bodies which become scattered along the 
nuclear membrane (fig. 17). There is, however, no indication of 
their being passed out through the nuclear membrane into the 
surrounding protoplasm, as several investigators of other insects 
have stated. 
The place where the germinal vesicle reaches the peripheral 
layer is on the ventral surface, midway between the equator and 
the posterior pole of the egg. As soon as the clear transparent 
nucleus reaches the periphery, the surrounding protoplasmic 
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substance becomes compact, thereby causing an indentation of 
the surface. 
In the next stage, the nuclear membrane of the germinal 
vesicle disappears and the vesicle itself loses its clear appearance. 
This change is due to the appearance of the spindle fibers about 
the chromosomes (fig. 26). The oocyte is now in the metaphase 
of the maturation division. Following this stage the chromo- 
somes divide into two groups and move to the opposite poles. 
Soon one of the daughter cells gradually protrudes from the egg 
proper (fig. 31). In this manner the first polar body is formed. 
The process of the second polar body formation has not been 
studied, but that the egg undergoes the second maturation 
division may be established by the presence of three polar bodies. 
Meanwhile the epithelial cells not only cease to multiply, but 
they also become reduced to a membranous structure. The 
nurse cells also cease to grow. Their size becomes very much 
reduced. The contents of the nurse chamber is withdrawn into 
the egg and its epithelial layer shrinks to a small mass. This, 
together with the remains of the epithelial cells of the egg, closes 
over the opening left by the egg entering the oviduct. 
The earliest egg found in the oviduct (or the uterus, as it is 
often called) shows a large nucleus at  the center of the egg. Since 
this large nucleus divides, it must be the first cleavage nucleus. 
It follows, therefore, that the union of the male and the female 
pronuclei must have occurred during the passage of the egg pro- 
nucleus to the center of the egg after the formation of the last 
polar body. 
Thus my observations on the three species of coccids are in 
accord with those of Leuckart ('53) and Emeis ('16). It may 
also be added that the ovary of Icerya purchasi is the most favor- 
able material for the study of this problem, since the cells are 
large and numerous. 
The origin of the three ovarian elements in aphids has been 
differently described by different writers. Lubbock claims that 
the egg and nurse cells are modified epithelial follicular cells of 
the end chamber. Recent observations of Tannreuther ('07) are 
to the same effect, for he declares that the egg cells do not arise 
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from the inner mass in common with the nurse cells or ovarian 
glands; but grow out of the follicular epithelial cells at the base 
of the end chamber. 
Balbiani ('82) states that the germ rudiments of partheno- 
genetic aphids undergo a process of budding previous to their 
differentiation into the nurse cells and oocytes. 
Mecznikow ('66) derived the end chamber from a mass of cells, 
"Die am untersten Pole des endfaches liegenden Zell sich 
bedeutend vergrossert, wobei sie in ein, aus dem Endfachepithel 
entstandes Follikel eingeschlossen wird und hier ihre weitere 
Entwicklung vollzieht. " 
Stevens ('05) insists that the contents of the end chamber are 
of two kinds, possibly corresponding to the summer and winter 
eggs, and that those situated on the lower portion of the end 
chamber degenerate in the ovaries which produce the agamic 
eggs. 
In insects (other than Hemiptera) the results of several inves- 
tigators differ with the species with which they have worked. 
The prevailing idea, up to 1905, was that the three ovarian 
elements, nurse cells, epithelial cells, and oocytes, are all derived 
from the germ cells. Paulcke ('00) who studied the development 
of the honey-bee, however, discovered for the first time that the 
nurse cells and oocytes are originally the same, but later become 
differentiated by a certain irregular cell division. Similar dis- 
coveries of the existence of a quantitative difference between the 
nurse cells and oocytes have since been reported in several 
Coleoptera. In Dytiscus, for example, Gunthert ('10) found 
that the chromatin eliminated from the nucleus passes, in each 
successive mitosis, into the pole of a single daughter cell, and 
that the cell having this extra chromatin substance becomes the 
oocyte and those lacking this the nurse cells. Somewhat similar 
observations were made by Giardia ('01) and Debaisieux ('09) in 
Dytiscus, and Govert ('13) in Carabus, Cicindela and Trichiosoma. 
The oogonial origin of the oocytes, nurse cells and follicular 
epithelial cells was clearly established in Polistes and Platy- 
phylax by Marshall ('07); in Podura by de Winter ('13), and in 
Leptinotarsa by Hegner ('14). In these cases, the nurse cells 
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and follicular epithelial cells are regarded as abortive cells. No 
differential mitosis was observed. 
Hegner ('12) states that the germ cells in Miaster give rise to 
nothing but the true oocytes, and that the nurse cells and 
epithelial cells are both derived from somatic cells. He deduces 
this from the fact that in Miaster americana altogether sixty- 
four oogonial cells are formed by six successive divisions of a 
single primordial germ cell and that the number of the young 
larvae produced is also about sixty-four. 
The foregoing survey of the more important literature per- 
taining to this subject, brief as it is, indicates that, even among 
the same order of insects, there is no definite law governing the 
differentiation of the three ovarian elements. The accounts of 
the lineage of the ovarian elements in Leptinotarsa (Wieman, '14; 
Hegner, '12), and Hydrophilus (Korschelt, '89) are good ex- 
amples. However, it should be mentioned that in all insects 
the oocytes and also the nurse cells, when present, are all 
derived from primordial germ cells. As yet no case has been 
found in which the primordial germ cells of the insects entirely 
degenerate and the secondary or functional germ cells are formed 
de novo at a much later period of development. 
3. THE EGG 
The eggs of all species of coccids studied, at the stage last 
1. Chorion-the outermost covering or membrane. 
2. Protoplasm-the ground substance. 
3. Corticular layer-a thick protoplasmic layer next to the 
4. Fat globules-oily droplets suspended in the protoplasmic 
5. Yolk granules-pro toplasmic suspension. 
6. Pigment oil-fluid filling interspace between fat globules. 
7. Germinal vesicle with its nuclear membrane. 
8. Yolk membrane-membrane next to, and, in fact, almost 
mentioned, consist of the following substances : 
chorion. 
network. 
apposed to the chorion. 
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The chorion is a very thin membranous structure which en- 
closes the substances above mentioned. It is formed shortly 
before the passage of the egg from the egg chamber into the 
uterus, and is secreted by the follicular epithelial cells. 
The protoplasm or cytoplasm fills, so to speak, most of the 
space between the other inclusions of the egg, with the exception 
of the space occupied by the nucleus or the germinal vesicle. 
As already stated, this ground substance of the egg is elaborated 
by the nurse cells and is literally poured on the egg. At first 
the protoplasm is a homogeneous mass uniformly surrounding 
the central clear region, the nucleus. Later, however, it becomes 
mesh-like, owing perhaps to the more rapid expansion of the egg 
than the flow of the nutritive or protoplasmic substance from 
above, to the intrusion and consequent suspension of other sub- 
stances, and also to the physiological change due to the metabolic 
activity of the germinal vesicle. 
What seems to me a sort of yolk substance is found in the egg 
of the mealy bug of the giant ragweed. This substance may be 
spherical, but it is moTe often irregular in shape. It first appears 
at about the time when the germinal vesicle reaches the periph- 
ery. The exact origin of this substance remains to be studied 
further. The fact that similar granules are abundant in the 
body cavity surroundtng the ovarioles, and also in spaces between 
the chorion and the epithelial cells, strongly suggests that these 
particles may actually migrate from the body of the mother 
through the epithelial layer into the egg. The presence of 
similar substances in the body cavity of the mother is another 
evidence in favor of the view just stated. Several investigators 
of other insect eggs state that they have observed the migration 
of chromatin matter from the germinal vesicle of the egg. No 
indication of such migration was observed in the case of the 
scale insects studied. 
In the ovarian eggs of these species of coccids, the nucleus or 
the germinal vesicle was always found. 
The pigment-oil or coloring matter appears in the mature, but 
not in the ovarian egg. I have had occasion to observe this 
fluid-like matter flowing into the egg at the posterior or pointed 
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Icerya purehasi.. ..................................... 
Pseudococcus macdanieli.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lecaniodiaspis pruinosa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
end. This substance was found literally filling the oviducts of 
the adult during her egg-laying period. 
The presence of the yolk membrane cannot better be illus- 
trated than by figure 28. On account of the migration of the 
symbiotic organisms after the formation of the yolk membrane, 
the latter is pushed in and remains separated from the chorionic 
membrane (which is the last to envelop the egg). 
A fully matured egg with all its components is elongate oval. 
The pointed end corresponds to the cephalic and the blunt end 
to the caudal end of the insect. The ventral surface near the 
pointed end is slightly indented. Thus not only the antero- 
posteriority, but also the dorsoventrality are marked in the eggs 
of the coccids, but not so clearly as in the eggs of the Orthoptera 
and Coleoptera reported by Heymons ('89), Wheeler ('93), and 
others. 
Besides such a difference in shape, the anteroposteriority is 
well marked by the presence of a dark-staining substance, the 
position of which varies with the species. In cottony cushion 
scale, it is, a t  first, visible near the posterior pole, but later 
becomes pushed gradually toward the anterior pole by the 
invaginating germ-band; while in the case of Pseudococcus and 
Lecanodiaspis, it is found always near the anterior end of the 
egg. The presence of these polar granules or symbiotic organisms 
is a great service in the determination of the position of the 
sectioned material. Later on, I shall treat of the history and 
significance of this substance under a separate heading. 
No micropyle was found. 
The longest and shortest diameters of the eggs of the three 
species of coccids are respectively as follows : 
mm. 
8.5-9.0 
4 .O 
6.0-4.0 
NAME OF SPECIES I LONQ DIAMETER SHORT DIAMETER 
mm. 
4.5-5 .O 
'2.5 
2 .5  
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4. CLEAVAGE 
The type of cleavage in the coccids studied is the pure super- 
ficial type which is so common among the Arthropoda. The 
first cleavage spindle lies at right angles to the shorter axis of 
the egg, so that one of the two daughter cells arising from the 
first division wanders toward the posterior pole while the other 
cell remains near the position formerly occupied by the mother 
nucleus (fig. 43). This behavior of the first two cleavage cells 
in coccids is exactly like that of the termite studied by Knower 
('00). At first, all the cleaving cells were in the same mitotic 
state, but gradually some lag behind others in division so that 
in a later stage of cleavage, e.g., at the thirty-two cell stage, 
more than one cleavage figure is noticeable among them (fig. 78). 
Up to about the eight-cell stage in the eggs of Lecaniodiaspis, 
and to a still later stage in Pseudococcus and Icerya, these 
cleavage cells are all at some distance from the cortical layers. 
Although in each cell the nuclear membrane is distinct, the 
cytoplasm presents numerous pseudopodial processes which con- 
nect with those of neighboring cells. On account of their 
somewhat isolated appearance, they are usually known as pro- 
toplasmic islands. In eggs containing a large amount of yolk, 
as, for example, those of Chrysomelid beetles studied by Hegner 
('14), the winter eggs of plant-lice investigated by Tannreuther 
('07) and Webster and Phillips ('12), these protoplasmic islands 
literally cut up the yolk into blocks. I have noticed this block- 
like appearance of the egg contents in the living eggs of Lecanio- 
diaspis, but upon sectioning them, I become convinced they 
were not comparable to the yolk-blocks found, for example, in 
the ova of aphids, because the eggs of Lecaniodiaspis contain no 
yolk granules. The eggs of the mealy bug contain a darkly 
staining substance resembling the yolk of the ova of aphids, but 
they are never cut up into blocks by the cleaving cells (fig. 42). 
Weismann ('82) stated that in Rhodites and Biorhiza aptera 
(cynipids), the first two cleavage nuclei move apart in the direction 
of the longitudinal axis of the egg. One of them, upon reaching 
the posterior pole of the egg, remain inactive and probably 
degenerates, while the other, upon arriving at the anterior pole, 
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produces, by rapid multiplication, all of the embryonic cells. 
As stated above, the first cleavage products of our scale insects 
do not behave in this way, but both cleavage cells continue 
multiplying, and some of their products later form the blasto- 
derm, while the others remain in the interior of the egg and 
constitute the so-called yolk-cells. Tn this respect, the develop- 
ment of the eggs of coccids resembles that of the silkworm and of 
Neophylex and Gryllotalpa, studied, respectively, by Toyama 
('OZ), Patten ('84), and Korotneff ('84). Silvestri ('11) recently 
discovered that in a parasitic Hymenopteran, Copidosoma, one 
of the two nucleoli escapes from the nucleus at  the end of the 
growth period of the oocyte. Later, this escaped nucleolus 
passes into one of the two cleavage cells. During a series of 
cleavage processes, only one cell remains in possession of this 
nucleolar substance and becomes the germ cell. In another 
parasitic Hymenopteran the escaped nucleolar bodies become 
localized at the posterior end of the egg until one of the first 
cleavage cells reaches out and takes them up into its protoplasm. 
In both cases the cell which becomes possessed of this escaped 
nucleolar substance, differentiates into the germ cells. 
In the scale insects I have studied no escape of the nucleolar 
substance into the egg was observed and the germ cells do not 
appear during thc cleavage period. 
No case of amitotis, as 
described for Blatta by Wheeler ('93), has been observed. The 
fact that very many cells are in the process of division during 
the early stages indicates the rapidity with which cells divide. 
Nelson ('15) states that no case of a single spireme stage was 
found in the cleavage cells of the honey-bee. On this point my 
specimens agree strictly with his observation. An abundance of 
spireme figures are, however, found among the blastoderm cells. 
As the number of cleavage cells increase, they migrate, one by 
one, toward the periphery and become imbedded in a thick 
cortical layer of the protoplasm. In figure 44 the condition of a 
loose blastoderm is shown. Although the cells are arranged in a 
peripheral layer, they are very far apart from one another. The 
spaces between these blastoderm cells are gradually filled by the 
* 
All cleavage cells divide mitotically. 
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division of the blastoderm cells as well as by a further migration 
of cleavage cells from within. 
The point at which cleavage nuclei, or cells as they are often 
called, reach the surface of the egg varies in different groups of 
insects. In Muscidae Graber ('79) found the first arrival of 
cells at the posterior end of the egg, while in Pieris Bobretzky 
('78) observed the appearance of the first blastoderm at the 
anterior end. Wheeler ('93) described the first blastoderm cells 
on the ventral side, while Heider ('88) stated that the blastoderm 
in Hydrophilus was first formed around the middle of the egg 
as a transverse girdle, somewhat nearer the posterior pole and 
that the development occurred last at the poles. Again, accord- 
ing to Nelson, the cleavage cell first reaches the cortical layer 
on the ventral side near the cephalic pole in the egg of the honey- 
bee. In the winter egg of the aphid, Melanoxanthus (Ptero- 
comma salices), according to Tannreuther ('07), all of the 
blastodermic cells spread uniformly over the entire surface 
except at the posterior pole of the egg. Therefore, I agree with 
Nelson ('15) that the point at which the first cIeavage cells 
reach the surface has little significance so far as the formation 
of the blastoderm is concerned. 
The condition of the egg at the time the cleavage process has 
ceased among the cells within the egg and the blastoderm forma- 
tion is completed, is shown in figure 80. At the poles and sides 
the blastoderm is similar in appearance. A short distance 
within the blastoderm is another loose layer of cells. This is 
imegular in shape, and the nuclei are much clearer and coarser 
than those of the blastodermic cells. These are the so-called 
yolk cells of Will ('84), and are no other than the cleavage cells 
that failed to migrate to help form the blastoderm. At about 
the time invagination occurs at the posterior end of the egg, 
these cells move toward the periphery and become closely apposed 
to the blastoderm cells. 
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5 .  ESTABLISHMENT OF THE EXTERNAL FORM OF THE EMBRYO 
The development of the embryo was traced up to the com- 
pletion of the blastoderm as shown in figure 80. I first describe 
the development of the embryo as seen mostly from surface 
views. 
The first change externally visible after the completion of the 
blastoderm is a depression or an invagination near the posterior 
end of the egg. It is, at  first, very shallow, but gradually 
deepens forming a V- or U-shaped structure (fig. 45). This 
condition is much more pronounced in the case of the cottony 
cushion scale than in the other two species studied. The portion 
of the blastodermic layer constituting the bottom of the blasto- 
pore and its near-by area increases greatly in thickness, while 
toward the anterior pole and in the area surrounding the blasto- 
pore it becomes thin. In the cottony cushion scale, the colony 
of parasitic organisms, originally found at the posterior pole of 
the egg, is later pushed, so to speak, toward the anterior pole 
by the elongation of the invaginating germ band.2 During the 
same period of development, the mass of the parasitic organisms 
in the eggs of Pseudococcus and of Lecaniodiaspis has also 
migrated a short distance from its point of entrance, the anterior 
pole, towards the posterior pole. A side view of a similar embryo 
(fig. 52) shows that the invagination occurs, not exactly at the 
posterior pole, but a short distance lateral to it. The same 
figure also brings out the fact that the layer forming this de- 
pression and also the ventral germ band is essentially a con- 
tinuation of the outer blastoderm, a portion of which forms the 
serosa. Only the lower, or the ventral portion of these, later 
becomes the embryo, 'while the upper or the dorsal wall trans- 
forms into the amnion. A later condition of the egg is repre- 
sented in figures 59 and 62. The invaginating germ band is 
now about two-thirds as long as the egg. In the side view of a 
slightly older embryo the germ band appears as though it con- 
2 In  this paper the term germ band is used to designate the ventral wall of the 
invaginated embryonal rudiment in its early stage. The term ventral plate 
denotes the same structure after the amnionic layer becomes clearly distinguish- 
able as the dorsal wall of the invagination. 
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sists of two bands separated by the median groove. In reality, 
however, the furrow represents the amniotic cavity, the blasto- 
pore, within the invaginating germ band. The colony of para- 
sitic organisms was not, at  first, in contact with the germ band, 
but it now appears as though it were in the same relative position 
as in the case of the cottony cushion scale. 
As the invagination proceeds further, the caudal portion of the 
invaginating germ band curls up ventrally, assuming the shape 
of the letter ‘S.’ Each turn of the invagination represents a 
particular region or division of the body of the embryo as should 
have been brought out earlier. The germ band at the stage 
last described consists of four main divisions, representing the 
cephalic, the oral, the thoracic, and the abdominal regions. (figs. 
46, 50, and 64). These regions are shown in figure 6, separated 
by three dark areas. The two remaining regions cannot be 
shown very well in the picture, but their presence is represented. 
Each dark area indicates the junction of two adjacent regions. 
It should also be mentioned that the preoral and abdominal 
regions are much less extensive in length as compared with the 
oral or thoracic region. The colony of parasitic organisms, 
which had been located near the growing tip of the germ band 
of the cottony cushion scale, now becomes fixed, so to speak, 
at the region of the second and third abdominal segments and 
does not accompany the growth of the abdominal region beyond 
these segments. The condition described for the cottony cush- 
ion scale is accomplished in an altogether different manner 
in the case of the mealy bug and Lecaniodiaspis. Instead of 
pushing the colony of parasites forward, the germ bands of these 
two species sends out a few germ cells at  first, then follows a 
mesodermal extension to the colony, which establishes a relation 
with the latter, just as in the case of Icerya. During this stage 
a pair of somewhat curved, dark elevations appear, one on each 
side of the germ band near the blastopore. These, as will be 
seen later, are the rudiments of the brain. In the next stage 
(fig. 66), the first rudiments of appendages, the second maxillae, 
become apparent, The abdominal region is very much elon- 
gated beyond the colony of parasitic organisms. The division of 
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the body into four regions becomes plainly marked. A lateral 
view of a somewhat older embryo is shown in figure 61. Here the 
abdominal region is so much elongated as to be actually folded 
over beyond the thoracic part, and reaching almost to the base 
of the second maxillae. The brain becomes very conspicuous, 
owing to its enormous dorsal growth. Below the rudiment of 
the brain another pair of elevations appears (fig. 65). This is 
the rudiment of the first maxillae. Segmentation is clearly 
visible throughout the oral, cephalic, thoracic, and the abdominal 
regions. In a still older embryo (fig. 67) three pairs of appen- 
dages become visible. These are the rudiments of the thoracic 
legs. Thus the appendages of scale insects, like those of most 
other insects, develop first from the maxillae backward to the 
last thoracic limb and finally to the antennae and mandibles, 
the labrum being the last to appear. In other words, the rudi- 
ments of the second maxillae are the first to appear. The first 
maxillae and the thoracic legs make an almost simultaneous 
appearance, followed by the antennae, mandibles, and the 
labrum. In this respect, the scale insects differ from the aphids, 
in which, according to Mecznikow and Witlaczil, the antennal 
appendages are the first to appear. The order of the appear- 
ance of the appendages in Pseudococcus and other scale insects 
differs also from that observed in the Orthoptera in which, as 
described by Wheeler ('89), Riley ('98), and others, the antennae 
are the first to appear, followed by oral appendages, the thoracic 
limbs being the last to be formed. My observations also differ 
from those made by Brandt on Libellulids, when the rudiment 
of the thoracic limbs appears first, then those of the maxillae; 
the antennae being the last to develop. In Coleoptera, i.e., 
Hydrophilus, Melolontha, etc., according to Heymons and 
others, the antennal rudiment seems to appear first, while the 
mandibular and maxillary rudiments and those of the thoracic 
legs make a simultaneous appearance. 
In Mantis (Hagen, '17) the antennal rudiments appear first, 
followed by those of the thoracic appendages; then appear, 
practically simultaneously, the rudiments of the maxillae and 
labrum, the last being distinctly an unpaired organ. 
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The further growth of the appendages is shown in figure 47, 
which represents the surface view of a somewhat older embryo. 
Mandibles, maxillae, and three pairs of thoracic legs are now 
tubular instead of conical elevations. The second maxillae have 
migrated somewhat dorsally and therefore are no longer in line 
with the rest of the appendages, as was also noticed by Meczni- 
kow ('66) for Lecanium. The three pairs of thoracic legs appear 
somewhat constricted at the middle, indicating that they are, in 
a sense, two segments. 
This 
is essentially a circular depression of the ventral plate in the 
medial line between the rudiments of the brain elevations and is 
cephalad of the oral or antenna1 appendages. 
Following this stage, the brain undergoes a conspicuous de- 
velopment. Heretofore the rudiments of the brain were only 
represented by two crescentic elevations, one on either side of 
the median line. It now becomes a large conical structure, due 
to its dorsal turning and rapid neurogenesis. It, however, lies 
entirely within the serosa sac and not beyond the original 
'blastopore' of Will, as he maintained was the case with the 
development of the pseudovum of aphids. The brain region is 
also surrounded, at least ventrally, by the amniotic layer. That 
the rudiments of the antennae arise, not from the posterior end 
of the brain, but'from below it, is also clearly demonstrable 
here. The segmentation of the abdominal region into its future 
body segments is also clearly shown. 
In the next older embryo (fig. 95) several notable changes 
. are evident. The first maxillary rudiments have migrated still 
further dorsally, leaving their alignment with the rest of the 
appendages. The three pairs of thoracic limbs now present a 
slight constriction approximately at the middle of the appen- 
dages. The segmented abdominal region is still folded over the 
thoracic as well as the oral regions. 
Following this stage, the embryo gradually shortens until it 
begins to rotate around ihe transverse axis of the egg. As a 
result of this rotation, the poles of the egg coincide with those 
of the embryo (figs. 53, 72). Heretofore, the cephalic or anterior 
The first rudiment of the mouth is found in figure 49. 
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end of the embryo has been situated at  the posterior pole of the 
egg because of its being the part first formed from the invaginated 
portion of the germ band which occurred at or near the posterior 
pole of the egg, but now it has accomplished its exchange of poles 
by the process of revolution just mentioned. 
h side view of an embryo after its revolution has been com- 
pleted is shown in figure 53. The thoracic limbs are now dis- 
tinctly four jointed, showing the coxa, trochanter, femur, and 
tibia. The segments of the limbs are almost equal in length, 
but differ in shape, the second being the largest and the last 
the most slender. The antennae also have four segments. The 
most conspicuous feature at  this stage is the ‘appearance of the 
deep invagination of the proctodeal opening on the dorsally 
curled end of the abdominal segment. The proctodaeum invagi- 
nates on the dorsal side of the ninth abdominal segment as will 
become clear when its formation is studied in sections. Another 
interesting feature of this stage is the sudden appearance of a 
mass of cells on the dorsal side of the brain segment. In reality, 
however, this mass of cells is formed during the revolution of 
the embryo by the contraction of serosal and amnionic cells. 
Another prominent change noticeable at this stage is that which 
occurs in the formation of the mouth parts. 
The mandibles and the first maxillae in the stage last de- 
scribed have migrated laterally and are no more in line with the 
second maxillae. A large invagination between the second 
maxillae and the first thoracic legs appears during the revolution 
of the embryo around the shorter axis of the egg, and there 
arises, from the pointed distal end of each of the mandibles 
and the first maxillae, a slender chitinous bristle-like structure, 
which is from the beginning non-cellular. The wall of the 
invagination, on the contrary, is cellular at  first, but later 
becomes chitinous. The cavity thus formed and lined with a 
chitinous layer, it must be mentioned, serves to accommodate 
the bristles when they are not in use, as when the larvae changes 
its feeding place. 
The upper lip, with a well-defined suture, does not elongate 
or grow very much in size, but a layer of chitinous substance is 
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secreted all over the surface forming a semiconical structure 
above the base of the mouth parts. The second maxillae, which 
also remain relatively small, are also invested with the chitin, 
and finally form an inverted crescentic underlip. The suture 
formed along the midventral line by the fusion of the second 
maxillae remains open externally and also opens internally into 
the ventral cavity. It is through this external opening that the 
bristle-like piercing organs pass out at the time of feeding. 
The formation of the mouth parts of the coccids is essentially 
the same as that given for Corixa by Mecznikow ('66), who 
says : 
Die Mandibeln und die ersten Maxillen liegen jederseits dicht 
beisammen, die Form kleiner Zapfen zeigend. Die zweiten Maxillen 
verwachsen mit ihren unteren Randern, wodurch eine machtige Unter- 
lippe zu Stande kommt. Die oberen unverwachsenen Rander der 
beiden Maxillen bleiben und reprasentiren die bekannte Rinne der 
Unterlippe. 
The same investigator, however, gives a different account of 
the formation of the mouth parts in aphids in the following 
words : 
Sie (the beak) werden von besondern Korper secernirt, welche jeder- 
seits neben den Mandibeln und Maxillen im Laufe der dritten Entwick- 
lungsperiode entstehen. Bei ihrem Wachsthum nehmen diese KSrper 
bald eine retortenformige Gestalt an, wie es auf der Fig. 53 abgebildet 
ist,; es schniirt sich dann von ihnen eine dunne peripherische Schicht ab, 
welche das Licht starker bricht und, sich verlangerned, einem schmalen 
Faden den Ursprung giebt. Es entstehen somit jederseits zwei solche 
Faden, welche nunmehr in die fraglichen Stilletke iibergehen und dabei 
die Fahigkeit erhalten, nach aussen in die Riisselscheide ausgestulpt 
werden zu konnen. Die Retortenform der bescriebenen, aus einer 
Menge kleiner gleichgestalteten Zellen bestehenden KSrper verursacht 
es, dass im ruhigen Zustande das fadenformige Stillette spiralig auf- 
gerollt liegt. 
Bei weiteren Wachsthum der Miindanhange nehmen diese an Lange 
zu, wobei man an der ersten Maxille die erste Bildung eines Tasters 
wahrnimmt. . . . 
Mecznikow must have had the idea that the mouth parts of 
tthe coccids are formed in the same manner as in the case of the 
aphids, for he states at  length the difference between the forma- 
tion of the mouth parts in the Heteroptera and Homoptera. My 
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observation on several coccids shows, it should be repeated, 
that the mouth parts of these coccids (Homoptera), are formed 
essentially in the same manner as in Corixa, a Heteropteran. 
The side view of the last embryonic stage is shown in figure 56. 
In each of the thoracic limbs, the first joint or coxa becomes 
conical. Contraction has also considerably reduced the length 
of the trochanter. The embryo is now shortened to the length 
of the egg-shell and is much flattened. The alimentary canal is 
already completed, and the ventral nerve cord is contracted a 
great deal. A great change has also occurred in the oral append- 
ages. The tips of the mandibles and first maxillae become 
elongated, extending beyond the rest of the oral appendages to 
form slender lancelet-like processes, while the rest of the oral 
appendages unite and form a sort of case at the base of the 
piercing processes. A careful examination of a mounted speci- 
men of this or a slightly older embryo shows that the antennae 
are covered with a long slender hair-like process at each joint. 
There are also tail filaments, three on either side of the posterior 
extremity of the tenth abdominal segment. The embryo is now 
ready to hatch. 
In the case of the cottony cushion scale, I have observed the 
process of hatching. The first indication of this process is the 
appearance of a transverse slit, usually around the mesothorax, 
often, however, on the metathorax. Through the rent thus formed, 
the antennae, which have been folded against the ventral surface 
of the body, gradually stretch out. By the force thus exerted 
by the antennae the cephalic portion of the insect becomes first 
lifted and then carried forward from the egg shell by the stretch- 
ing antennae, meanwhile the embryo juggles its abdominal 
portion by exertion on the part of the long caudal filaments. 
Then the femur of the first thoracic leg and a part of the first 
tibia appear. With the next exertion the most of the body and 
legs become free from the egg shell. The rest of the process is 
the kicking off, so to speak, of the shell from the filaments by 
means of legs, and the hatching is completed. 
The embryo, eight hours after hatching, is represented by 
figures 57 and 75, of Pseudococcus and Icerya, respectively. 
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6. THE FORMATION OF THE GERM LAYERS AND THE (EMBRYONIC 
ENVELOPES 
At the time the invagination occurs at  the posterior end, the 
blastoderm is one cell thick, except at the posterior end where 
cell proliferation is evident. The yolk cells (cleavage cells that 
failed to take part in the formation of the blastoderm) are here 
and there closely attached to the blastoderm. Now and through- 
out the embryonic period no evidence of cell migration from the 
embryo proper into the yolk is noticed. 
The first change occurring after the completion of the blasto- 
derm is its thinning out in the immediate neighborhood of the 
posterior pole and also toward the anterior end of the egg, and 
the simultaneous thickening around the rim of the thinned area 
at the posterior end of the egg. The thickening near the 
posterior end is due to the proliferation of cells, as shown in 
figure 81. The proliferating cells at first are all similar, as in 
figure 83. The larger and clearer cells found in chains, from 
the region of the invagination toward the opposite end of the 
egg, are the germ cells, the history of which will be considered 
separately. At this stage, then, there are only two kinds of 
cells within the blastoderm: the germ cells and the cells that 
form the invaginating germ band. 
In figure 85, which represents a longitudinal section of a some- 
what older embryo through the region of the blastopore, cells of 
another or third kind occur between the germ cells and the 
cells which form the wall of the blastopore. These are the 
'so-called entodermal cells. The cells forming the wall of the 
invagination and situated next to the entodermal cell mass are 
cubical or almost columnar and are in direct continuity with 
the blastoderm layer beyond the invagination or the blastopore. 
These are the rudiments of the future ventral plate and amnion. 
A longitudinal section through the blastopore of a similar 
embryo (fig. 86) shows another, a fourth sort of cells besides the 
three already mentioned. Although these latter cells may have 
been present in sections of the egg illustrated in the preceding 
figure, they have perhaps escaped detection on account of the 
syncytial nature of the cells at that period. It is at  about the 
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stage of development here illustrated that the mesodermal cells 
become easily distinguishable from the other two cell layers, 
namely, the columnar ectodermal cells forming the floor of the 
invagination above and the layer of much smaller and feebly 
staining syncytial cells below. The mesodermal cells at this 
time can be distinguished from the ectodermal cells by their 
large size and coarsely granular nuclear contents. The staining 
reaction of the two is also different : the mesoderm stains heavily, 
the entoderm only very feebly. 
Up to this stage, invagination, in the case of Pseudococcus, 
is indicated by a slight depression at a short distance ventrad 
of the posterior pole of the egg. As the invagination progresses 
further, the depression becomes deeper and its walls more closely 
compressed (fig. 85).  Mention should be made of the fact that 
the depression in Icerya and perhaps in case of the other species 
is, at first, in the form of a cup with broadly rounded bottom. 
The entodermal cells are always found opposit,e the base of thih 
cup-like depression. With the further growth of the embryo, 
the dorsal wall of the depression, now a compressed tube, be- 
comes thinner and, at the time when the embryo reaches the 
anterior mass of the parasitic organisms, it becomes reduced to 
a layer one cell thick. The ectoderm cells also undergo a marked 
change. They are arranged in a layer beneath or ventrad to the 
amnion, and, at the same time, become much more elongated, 
with their nuclei arranged alternately, giving the appearance of 
two layers. The mesoderm, again, has spread out to its full 
length below the ectoderm, which is now the ventral plate. The 
cells of the ectoderm, mesoderm, and entoderm are still con- 
tinuous at the extreme bottom of the invagination where the 
primitive condition still exists. 
From this time on, the caudal or abdominal portion of the 
embryo elongates, extending over and above the ventral surface 
of the ventral plate. Consequently, any transverse section 
passing through the thoracic region also passes through an 
abdominal segment. Figure 103 shows such a section through 
the second maxillary segment and one of the abdominal segments. 
Here, in the ventral or thoracic section, the amnion appears as a 
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thin membrane composed of a few flattened cells. The mesoderm 
cells, which, on both sides, meet the amnion and ectoderm, form 
a layer one cell in thickness. Although the lateral extensions 
of the mesoderm have followed the evaginations of the append- 
ages, the layer is still one cell in thickness. The dorsal or 
caudal section presents nothing new. It resembles a section 
through the thoracic region of a younger embryo. Both the 
amnion and the mesoderm consist of spherical cells, while the 
ectoderm cells are spindle-shaped. All three germ layers are 
continuous at the sides. 
A longitudinal section of a somewhat younger embryo of 
Pseudococcus (fig. 99) and one of Lecaniodiaspis (fig. 89) show 
that the amnion actually terminates at both the caudal and 
cepahlic ends and that it incloses the parts of the embryo. The 
layer of mesoderm, which is much thicker a t  the caudal region, 
gradually thins out toward the oral region, the cephalic region 
being entirely devoid of it. 
A transverse section of an older embryo (fig. 104) shows, 
among other things, a remarkable change in the mesoderm. 
On account of the neurogenic swellings, which occur on both 
sides of the median line, the mesodermal cells have been pushed 
aside, so to speak, from the area immediately dorsal to the 
neurogenic area and have been shifted to the sides where the 
evagination of the appendages has taken place. 
A transverse section through the second maxillae of a much 
older embryo is shown in (fig. 107). The dorsal or caudal section 
shows, among other things, that the amnion is represented by a 
single layer of cells, and that the mesoderm has expanded, not 
only into the evagination of the appendages, but also in the 
dorsal extension of the ectoderm. 
A comparison of figures 103 and 107 will show that the dif- 
ferentiation of germ layers takes place from in front backward, 
as in other insects, except, the agamic aphids, in which, according 
to Will ('88), the cephalic portion develops earlier than the 
brain. 
As the appendages further elongate, the mesoderm follows 
the ectodermal evagination, forming a double-layered structure. 
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Similarly, the mesoderm keeps pace with the dorsal extension 
of the ectoderm in the closure of the dorsal wall, as in the case of 
other insects. 
As the brain gradually grows in size, the amnion, which is 
situated above, is pushed out until it comes into contact with 
the serosa, and a rupture occurs at the point of union. Through 
the rent thus formed, the embryo emerges from the amniotic 
cavity and begins to rotate around its transverse axis until the 
poles of the embryo coincide with those of the egg. During this 
rotation the serosa and the united portion of the amnion shortens. 
As a. consequence, the cells that formed the serosa and amnion 
aggregate at the dorsal end of the brain as a dense mass of 
ellipsoidal cells-the dorsal organ. This dorsal organ lasts but 
a short time, for it soon comes into contact with the invaginating 
tip of the. stomodaeum, where its elongate cells first become 
disarranged and finally disappear, probably being taken up by 
the cells of the stomodaeum. 
The exact origin of the mesoderm cells is very difficult to 
determine in the case of Icerya and Pseudococcus, because of 
the crowded condition of the cells about the invagination pore. 
In figure 83 the germ cells and a few entoderm cells are seen, 
but no mesoderm cells. But in figure 86 there are four kinds of 
cells, namely, the germ cells, ectoderm, mesoderm, and entoderm 
cells. Therefore, mesoderm cells must have appeared during 
the period between these two stages. The way in which the 
mesoderm forms can, however, be well ascertained in the case of 
Lecaniodiaspis, where there are comparatively few cells in the 
early period of invagination. In figure 91 both the amniotic and 
the ectodermal cells, as well as the mesoderm cells, are all con- 
nected with the blastopore. This fact, I believe, indicates that 
not only the mesoderm, but also the entoderm cells are both 
developed simultaneously with the invagination at the same 
point, namely, at the tip of the blastopore of Will. In this 
regard, then, my observation differs from that of Witlaczil for 
aphids, where the mesoderm layers are supposed to arise from 
the ectoderm layer by delamination. Moreover, my interpre- 
tation of the mesoderm formation is in accord with that of Will 
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for aphids. With Will, I therefore conclude that, in these 
families of insects, namely, Aphididae and Coccidae, and perhaps 
others, there is a process of true gastrulation as in other higher 
animals, and that the invagination pore of our insects represents 
the blastopore of other animals, because it is here that the 
three germ layers arise. 
Mention should also be made that, in the case of coccids 
studied, the mouth and the anus arise, respectively, at  the 
anterior and posterior ends of the invagination. Accordingly, I 
agree with Will, Wheeler, Kowalevsky, and others that the 
blastopore of insects is homologous to that of other animals, 
e.g., of amphibia, and that it is much elongate, even to the 
extent of forming a loop within the egg. 
As previously stated, the entodermal cells in Pseudococcus 
macdanieli become localized at the posterior end of the germ 
band only. My interpretation of this unique phenomenon is 
this: On account of scarcity of yolk, the entodermal cells remain 
in a more or less inactive state as compared with the rapidly 
proliferating mesoderm cells beneath. Consequently, the former 
become entirely cut off from the point of their origin, the blasto- 
poric rim. If this interpretation be correct, R follows that the 
scale insects are much more specialized than the Qrthoptera, in 
which, according to Wheeler ('93) and others, the entoderm is 
found at the two extreme ends of the germ band. 
7. THE FORMATION OF THE NERVOUS SYSTEM 
The nervous system of the coccids studied is formed exactly 
in the same manner as in the case of other insects, for example, 
in Blatta germanica, so well described by Wheeler ('93). No 
account, however, of neurogenesis in Hemoptera,-aphids, 
coccids, and others-has ever been presented, so some details 
of the history of the nervous system of the coccids may not be 
out of place. 
Although the brain of the scale insects is but a continuation 
of the ventral cord, and the ventral cord, in its genesis, is but a 
part of the whole nervous system, the formation of these two 
parts will be considered separately, as has been customary 
among the embryologists. 
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A .  The ventral nerve cord. The rudiments of the ventral 
nerve cord arise from the ectoderm layer of the ventral plate, 
the origin of which has already been described. At first the 
ectoderm cells forming the ventral wall of the amniotic cavity 
are all similar in appearance, size, staining reaction, etc. They 
are all cylindrical, almost spindle-like in shape (fig. 103). 
Later, however, on each side of the long axis of the embryo, 
a few large spherical cells are formed within the ectoderm layer 
by mitotic division. Since, as will be shown later, all of the 
nerve cells arise from these large spherical cells, the name, 
neuroblasts, is applied to them. The remaining cells in the 
ventral ectoderm do not contribute to the nervous system, but 
go to form the body wall, and consequently they are called the 
dermatoblasts. In like manner, the term neurogenic area and 
dermal layer are, respectively, used to designate the portion of 
the area containing the neuroblasts and that without them. 
The number of the neuroblasts increases by a further mitotic 
division of ectodermal cells. In figure 104 four such neuro- 
blasts are shown, two on either side of the middle line, and in 
addition to these, a division figure of an ectoderm cell is given. 
In figure 107, which represents a transverse section through 
the first thoracic appendages, the separation of the nerve rudi- 
ments from the dermal layer is pronounced. The ectoderm layer 
now becomes so thin that it is everywhere but one cell in thick- 
ness. On the other hand, the nerve rudiments are several cells 
thick. A layer of cells next to the dermal ectoderm in each of 
the body segments consists of six large cells. Each of these 
neuroblasts is usually seen in a different phase of mitosis. Dorsad 
to the neuroblasts, there are about five horizontal rows of smaller 
cells, which stain much darker than the surrounding neuroblasts, 
the dermatoblasts, or the mesoderm cells. Nevertheless, these 
darkly staining cells are the true daughter cells of the neuro- 
blasts and are called ganglioblasts, for they form the ganglia. 
All ganglioblasts are of the same size and are in the resting 
stage. These facts indicate that they do not divide after they 
become once separated from the neuroblasts. 
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Comparisons and measurements of the neuroblasts in different 
stages of development show that they are true teloblastic cells. 
They do not diminish in size, but resume their original size after 
each of a series of cell divisions. Thus, in fact, there is no cell 
intermediate in size between the neuroblasts and the ganglio- 
blasts. A comparison of figures 103 and 107 indicates that the 
development of the ventral nerve cord takes place from in front 
backward, as was the casein the development of the appendages 
already described. 
The abdominal ganglia, the number of which corresponds with 
that of the segments, are noticeable in the embryo, a longitudinal 
section of which is shown in figure 118. The nerve cord in the 
figure is completely separated from the ectoderm of the ventral 
body wall in the cephalic as well as in the thoracic segments, but 
in a few of the last abdominal segments they are still connected. 
In fact, the separation of the ventral nerve cord, like all phases 
of differentiation, takes place from before backward. Each mass 
of ganglionic cells which now constitutes a ganglion, contains 
a mass of fiber-like 'Punkt Substance' of the Germans, the 
nerve fibers. The nerve fibers are of two kinds, the longi- 
tudinal and the transverse (fig. 120), the former running parallel 
to the long axis of the body, connecting with those of adjoining 
ganglia, while the latter run at  right angles to the longitudinal 
fibers. 
The formation of nerve fibers takes place much the same as 
was described for Xiphidium by Wheeler ('93) and for the honey- 
bee by Nelson (,15), namely, by the elongation and subsequent 
transformation of the cytoplasm and the disappearance of the 
nucleus of the ganglioblasts (fig. 116). 
The neurogenesis described above agrees, in general, with the 
results obtained by Wheeler in Doryphora and Blatta ('89) and 
for Xiphidium ('93), Heymons for Forficula ('59), Graber for 
Melolontha ('go), Lecaillon for Chrysomelidae ('go), Nelson for 
Aphis mellifera (,15), and several other investigators in the case 
of many other insects. 
As to the number of neuroblasts which produce the ganglio- 
blasts in each half of a body segment, no two investigators 
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exactly agree. Wheeler, for example, found four in Xiphidium, 
while Nelson stated that in the honey-bee the number of these 
cells usually varied from three to six. In coccids there are six 
on each side of the median groove. 
Again, opinions are at  variance as to whether the ganglioblasts 
become directly converted into the nerve fiber or into their 
daughter cells which constitute the nerve cells of the larva. 
Wheeler ('89) for Doryphora and Nelson ('15) for the honey-bee 
claim that all the ganglioblasts undergo at  least one division 
before they become nerve-cells, while Wheeler for Forficula 
('95), Lecaillon ('98) and Hirscher for Chysomelidae, and Essche- 
risch ('02) for Musea maintain that the ganglioblasts do not 
divide. In the coccids, as stated, the ganglioblasts do not 
undergo any division, but, later, some of them are transformed 
into nerve fibers. 
The neurogenesis in the case of the brain is exactly the same 
as in the ventral nerve cord. The differentiation of the ammion, 
mesoderm, and ectoderm is shown in figure 105. The ectoderm 
cells soon give rise to the neuroblasts and thus are differentiated 
into the dermal and neural layers. The segmentation of the 
brain into three regions, corresponding in number to the future 
brain segments, is also clearly noticeable in this figure. 
Figure 110 is a corresponding longitudinal section of a some- 
what older embryo. There are about five large spherical cells 
or neuroblasts along the periphery of each of the brain segments, 
as was the case with the formation of the ventral nerve cord. 
In  Coccids, as in other insects, there is originally one ganglion 
in each of the body segments, making three in the brain, three 
in the oral region, three in the thorax, and ten in the abdomen, 
or nineteen in all. This number of ganglia is best seen in the 
specimens shortly after the completion of the revolution (figs. 
53 and 118). Shortly after the union of the stomadeum invagi- 
nation with the entoderm or the midgut, all of the abdominal 
ganglia, except the first, disappear, leaving only the longitudinal 
nerve fibers behind. These slender longitudinal nerve fibers, it 
may be added, run out from the posterior margin of the only 
surviving abdominal ganglia and innervate the abdominal organs, 
such, for example, as the ovaries, midgut, etc. (fig. 132). 
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A special effort was made to locate the presence of the second 
antennal appendages and their ganglia, which were found and 
described by Riley and others in Blatta germanica. My figure 
114, which corresponds approximately to Riley’s figure 5, shows 
neither appendages nor ganglia. Throughout the embryonic 
period there was no indication of the formation of the second 
antennal appendages or the ganglia corresponding to them. 
The apparently later increase in size of the brain has already 
been mentioned in connection with the formation of the external 
form of the body. The statement, however, does not mean that 
neurogenesis in this region lags behind that in the ventral nerve 
cord. In fact, neurogenesis in the former occurs and progresses 
just as early as in the second maxillary segment, and, conse- 
quently, is ahead of that in the thoracic segment. In  this regard, 
then, coccids seem to differ from aphids, in which, ‘according to 
Will (’80), the brain arises independently from the ventral nerve 
cord, as in the case of the annelids. 
Again, as my figures 62 and 67 show, the brain in coccids is 
formed within and not beyond the rim of the blastopore, as Will 
found in agamic aphids. 
8. THE INTRACELLULAR SYMBIOSIS 
Intracellular organisms in the eggs of scale insects have been 
described under several different names, such as : ‘Pseudonavi- 
cellae’ (Leuckart), ‘secundaren Yolk’ (Mecznikow) , “Highly re- 
fractory bodies with specific gravity higher than water and may 
represent spermatozoon ” (Putnam) , and ‘Mycetomia’ (Emeis) . 
The only investigator who denied the presence of such organisms 
is Witlaczil, while Johnston, Child, and other students of the 
internal anatomy of coccids failed to mention either their presence 
or absence. 
Mention has already been made of the presence of an organism 
in the mealy bug, in the cottony cushion scale, and in Lecanio- 
diaspis prunosa. These bodies present an appearance of true cells 
at certain times in their history, but they more often stain heavily 
and hence look like granules. Whenever they assume a true 
cellular form, a cell membrane, chromatic granules, and cytoplasm 
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can be made out. That they are really a kind of parasitic organ- 
ism may be proved by the fact, according to Bliichner, that they 
were successfully raised in culture media by an Italian investi- 
gator. As I am not familiar with the systematic position of the 
different kinds of organisms found in the eggs of the several 
species of coccids, I describe them under the somewhat indefinite 
yet suggestive termsof ‘symbiotic organisms,’ ‘parasitic organisms’ 
and often as ‘polar colony of organisms,’ or simply as ‘parasites.’ 
The manner in which the eggs become infected by the organisms 
may be observed by examination of older ovarian eggs, such as 
is shown in figure 25.  Here a few dark granular bodies occur in 
the follicular epithelial cells situated above the constriction 
between the nurse cells and egg chamber and also in the egg proper. 
These dark staining bodies lie at  first in the cytoplasm and not 
in the nucleus of the follicular cells. Since, as illustrated, these 
parasites are found, not only in the epithelial cells, but also in the 
lumen between the epithelial layer and nurse cells as well as 
within the egg, it is clear that they are carried into the egg proto- 
plasm mostly by the flow of the nurse stream. Soon, however, 
the chorion is formed around the cytoplasm of the egg, preventing 
a further immigration of the symbiotic organisms into the egg. 
In many cases I have noticed the organisms between the ovarian 
epithelial layer and the chorionic membrane, long after the com- 
pletion of the chorion around the egg. But no case has been 
observed where these bodies actually penetrated through the 
chorion into the egg. 
The condition of the nurse chamber and also that of a portion 
of a colony of the symbiotic organisms that almost envelops the 
ovary at this period is shown in figure 40. A careful examination 
of the specimen brings out the fact that these organisms, so 
abundant in the cysts adjoining the ovaries, become literally 
squeezed out of the walls of the cyst into the space between the 
ovary and the symbiotic organisms. In short, all series of tran- 
sitional stages between the liberation of the parasites and their 
entrance into the epithelial cells, and final location at the posterior 
end of the egg can be found in a few sections of a single female. 
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The parasites, thus finally collected into a single mass, remain 
at this position throughout the embryonic as well as the larval 
and adult life. This place, it should be mentioned, corresponds 
to the third to fourth abdominal segments of the future embryo 
and adult. 
After the completion of the blastoderm and the subsequent 
invagination of the germ band (which occurs at  about the pos- 
terior end of the egg), the germ cells, the first differentiated cells, 
migrate toward, and some of them actually become imbedded in 
this colony of symbiotic organisms. Of the migratory cells, 
those which become imbedded in the mass of parasitic organisms 
are transformed into the secondary yolk cells of Will (’88). The 
nuclei of the secondary yolk cells remain almost unaffected for a 
long time, even after hatching. Again, some of the cells surround- 
ing the colony of organisms transform into epithelial cells, while 
a majority of them divide, multiply and finally become the defin- 
itive germ cells. 
As previously stated, the invaginating germ band gradually 
increases in length until the caudal region becomes actually 
curled over the thoracic region, but the colony of symbiotic 
organisms remains almost stationary at  the place where it was 
first located soon after the entrance into the egg. This fixed place, 
as previously stated, corresponds approximately with the third 
and fourth abdominal segments of the future embryo and also 
of the larva and adult. 
From this time on, the spherical colony of organisms, consisting 
of about eight compartments of spores, becomes spread out over 
the rudiments of the ovaries. The organisms gradually increase 
in number after hatching until they fill the greater portion of the 
coelomic area of the adult females. 
These organisms are also found in enormous numbers, simi- 
larly located, in the larval as well as the adult males. From the 
fact that these organisms remain throughout the life history of 
the scale insects, I strongly believe that they are not sperm cells 
as Putnam (’88) surmises. It also clearly shows that they do 
not function as ‘Keimbahn determinants’ as Mecanikow doubted 
in the case of Psylla. 
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In the case of Icerya, the symbiotic organisms appear in a 
somewhat different manner, especially as regards the place where 
they first enter. A brief account of the mode and place of 
entrance of the Iceryian form, therefore, may not be out of place. 
In the cottony cushion scale, the symbiotic organisms first 
appear, not around the anterior, but at the posterior end of the 
egg. The method of entrance is, however, essentially the same 
as in the case of Pseudococcus and Lecaniodiaspis already men- 
tioned. After their liberation from the cytes, the rod-like 
organisms migrate through the epithelial layer surrounding the 
posterior end of the egg. In figure 35 several stages in the migra- 
tion of these rod-like organisms into the egg are shown. These, 
like those of Pseudococcus, stain exceedingly darkly with iron 
alum haematoxylin or any other nuclear stain, and consequently 
their finer structure is difficult to make out. Nevertheless, more 
favorable specimens show at least three regions in each of them. 
These are the outer somewhat lightly staining portion, probably 
representing cytoplasm; the inner more densely staining region, 
resembling the nuclear region; and a central denser region, proba- 
bly representing chromatic matter. Since, as stated, the symbi- 
otic organisms, in the case of the cottony cushion scale, become 
localized near the posterior end of the egg, where the invagination 
of the germ band occurs soon after the final settlement of the 
organisms, the germ cells come into contact with the parasites 
without migrating far. But, since now the germ cells and the 
symbiotic organisms are situated at the point of invagination, 
they both become actually pushed into the egg further and fur- 
ther, as the invaginating germ band elongates (figs. 62 to 67), 
until they become similarly located as in the mealy bug and 
Lecaniodiaspis. As soon as they reach this point, a short distance 
from the anterior pole of the egg, they become stationary and do 
not accompany a further extension of the caudal portion of the 
embryo. This fixed point corresponds, as in the case of other 
scale insects, with the third and fourth abdominal segments of 
the embryo, larva, and adult. The history of these organisms 
from this time on is an exact repetition of what has been 
described for the other two species. 
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The symbiotic organisms in Homoptera were first discovered 
in the pathogenetic embryo of aphids by Huxley (’58).  Meczni- 
kow (’66) detected a similar substance not only in the embryos 
of aphids, but also in those of coccids and Psylla. This writer 
thought his ‘secundaren Dotter’ to be characteristic of three 
families of Homoptera, namely, Aphididae, Coccidae, and Psylli- 
dae. Witlaczil (’84) and Will (’88) confirmed the presence of 
‘pseudovitelli’ so far as the parthenogenetically developing 
embryos of aphids are concerned. The occurrence of similar 
granules in the winter or sexual eggs of Aphids was first reported 
by Balbiani (’74) and was later confirmed by the researches of 
Tannreuther (’07) and Webster and Phillips (,l2). All of these 
writers, however, did not consider these as living organisms. 
Huxley (’58) was also the first who described the origin of the 
‘pseudovitellus.’ He states that the pseudova (parthenogenetic 
eggs) of Aphids are eventually converted into cellular germs, 
apparently by the same process as that by which an ovum is con- 
verted into an embryo. “In these germs,” he claims, “the 
central part becomes a granular pseudovitellus, the peripheral a 
blastoderm; the rudiments of the different organs next appear, 
and the germ becomes surrounded by a pseudovitelline membrane. 
Eventually, ” he supposed, “ the pseudovitellus becomes the 
corpus adiposum. ” 
Mecznikow (’66) , however, observed the origin of the pseudo- 
vitellus in aphids. He stated that the so-called secondary yolk 
comes from the follicular cells situated at  the posterior end of the 
egg. This discovery was later confirmed by Witlaczil (’84) and 
Will (’88). 
Emeis (’15) recently found a case of symbiosis in the eggs of 
Coccids. These symbiotic Mycetomia were first found in a 
certain epithelial cell near the nurse cells. Later, according to 
him, they migrated into the protoplasmic portion of the egg. 
Their subsequent history has, however, not been studied. 
Inclusions other than the secondary yolk, but somewhat related 
to this substance, were recorded for insects belonging to several 
different orders. Rlochman (’87) noticed a group of bacteria- 
like organisms which he called bacterial ‘Stabchen’ in the eggs 
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of certain Orthoptera. He did not state how the eggs were 
infected, but thought it was a case of symbiosis. The occurrence 
of non-living substances has also been recorded in the eggs of 
several Diptera and Coleoptera. These so-called Keimbahn- 
determinants are located at the posterior end of the egg, as is the 
case with the secondary yolk or parasites in Hemiptera, but are 
known by several names. Thus Ritter (’11) gave the name of 
‘Keimwulst’ for the Keimbahn determinants of Chironomus, 
while Hasper (’1 I) termed them ‘Keimbahnplasma.’ X similar 
substance is described as ‘Dotterplatte’ in Calliphora (Kahle, 
’OS), but is called ‘polares plasma’ in Miaster (Hegner, ’12). 
Recently Hegner (’09) applied the term ‘pole disc’ to a related 
substance in the eggs of chrysomelid beetles. The same nomen- 
clature was adopted by Wieman (’10) two years later for an 
allied species. 
The origin of the Keimbahn determinants in these insects is 
still unknown. Hegner (’08, ’10) states that he has attempted 
to trace their origin, but failed to arrive at  an exact source in the 
case of the eggs of Chrysomelids (Hegner, ’15). It was thought, 
however, that as in the Hymenoptera chromatin granules might 
be cast out of the nuclei of the oocytes, and that these granules 
might gather at the posterior end to form the pole disc. It was 
also suggested that chromatin granules from the nurse cell nuclei 
might make their way into the oocyte and later become the 
granules of the pole disc. It should not be forgotten, moreover, 
that these granules stain like chromatin. In fact, they are non- 
living substance and therefore cannot be homologous with the 
simbiotic organisms found in Homoptera. There is, however, an 
analogy in the relative position of these two kinds of polar in- 
clusions, namely, the symbiotic organisms found in Homoptera 
and the polar granules of eggs of Diptera and Coleoptera. The 
germ cells of these insects become lodged in the polar granules 
or symbiotic organisms early in the embryonic period. 
As to the function of the symbiotic organisms found in aphids 
and coccids, very little can be said. As already stated, the germ 
cells of coccids, before their migration into the colony of the 
symbiotic organisms, are already differentiated. This excludes 
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the possibility of the function of the organism as the ‘Keimbahm 
determinant,’ as Mecznikow surmised. The fact that these 
organisms are present throughout the life history of scale insects 
is in favor of the view just mentioned. 
However, I cannot think that the presence of these symbiotic 
organisms is altogether without significance. The species known 
to harbor these symbio.tic organisms, so far as present researches 
go, belong without exception to the suborder Homoptera, which 
are characterized by a long sucking proboscis, very delicate 
membranous wings, and thin dorsal body wall. Coccids may 
remain more or less stationary, feeding in the same place, for a 
long period of time. It is clear, therefore that such Homoptera 
as the scale insects and the aphids are apt to be exposed to changes 
in the external conditions because they cannot change places as 
easily as other insects. 
It may be said that the part most susceptible to the environ- 
mental change is the sex cells. As a rule, the sex cells of the 
Homoptera, unlike those of the Coleoptera, in which the hard 
elytra cover the dorsal surface of the body, lie beneath a thin, 
almost unprotected dorsal body wall. Unless some special 
means be provided for their protection, the sex cells would be in 
danger of injury. In free moving Homoptera, such as Jassids, 
Membracids, Flugorids, Cercopids, the means of avoiding injury 
to the germ cells are found in quick movements by which these 
insects are able to take refuge by either dropping to a more 
favorable place or running behind the trunk or leaves of the 
host plant. In the Coccids, Aphids, and Psyllids this change of 
place cannot be effectively made. The presence of a mass of 
highly refractory organisms that, always surrounds the germ cells 
in these three otherwise helpless insects strongly suggests a sig- 
nificance-the protection of germ cells against injury and sudden 
change in environmental conditions, such as rain, show, extreme 
heat, cold, etc. 
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9. THE ORIGIN OF THE GERM CELLS 
In coccids the germ cells first become noticeable simultaneously 
with the invagination of the germ band at the posterior end of 
the egg. They are characterized by their large size, oval shape, 
and the clearer nuclear appearance as compared with the other 
cells, and, above all, by the feeble staining reaction. Increasing 
in numbers by mitotic division, they remain for a time at the 
point where the invagination of the germ band occurs. The 
earliest stage in the history of these cells which has been observed 
is shown in figure 81. 
At the time the invagination becomes clearly visible, the germ 
cells begin to migrate, one after another, toward the anterior 
end of the egg where the colony of symbiotic organisms is located. 
As soon, however, as they reach the mass of organisms, some of 
them become actually imbedded between the spores of the 
organisms, others elongate to form a sheath around it, while the 
remaining cells aggregate superficially around the colony of 
organisms (figs. 90, 92, and 133). Those cells that become 
imbedded in or encircle the organisms remain in that condition 
throughout the rest of the embryonic and larval life and con- 
stitute the so-called secondary yolk cells of Will ('88) (fig. 90). 
As already mentioned, the elongation of the embryo continues 
beyond the anterior end of the egg so that the posterior portion 
gradually curls over the thoracic region, but the germ cells and 
the colony of the symbiotic organisms remain stationary. The 
region where these cells, for the second time, become localized, 
corresponds with the third and the fourth abdominal segments 
of the larvae as wellas of adult female. With the segmentation 
of the abdominal region of the embryo, the germ cells become 
divided into the left and right halves. 
With the revolution and subsequent shortening of the embryo 
an invagination appears at  the ventral surface of the ninth 
abdominalsegment. The germ cells, which have for a long time 
remained stationary around the symbiotic organisms, then 
migrate toward and finally settle a t  the apex of the vhginal invag- 
ination (fig. 119). 
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Following the closure of the dorsal wall of the embryo along 
the dorsal midline by the lateral growth of the ventral plate, 
and with the further ingrowth of the vaginal invagination, the 
germ cells are carried further cephalad and thus again come into 
contact with the colony of the symbiotic organisms. But this 
time they collect beneath, instead of encircling the organisms, 
as was the case at  first. Throughout the larval and adult stages 
the germ cells and the oolony of symbiotic organisms retain their 
relative positions. The former is always found beneath or 
ventrad of the latter as though they were under the protection 
of the latter. 
The foregoing account of the history of the germ cells in the 
mealy bug is essentially applicable to that of Lecaniodiaspis. 
One of the striking differences is that in the case of Lecanio- 
diaspis the germ cells begin to migrate at  a much later period 
than in Pseudococcus macdanieli. The number of germ cells that 
migrate toward the symbiotic organisms in the case of Lecanio- 
diaspis is very much smaller than in the case of Pseudococcus 
(fig. 89). 
Inasmuch as the origin and subsequent history of the germ 
cells in the cottony cushion scale is somewhat different from 
what has already been given for the mealy bug and Lecaniodiaspis, 
a short account for this species may be added here. 
In the cottony cushion scale the germ cells become noticeable 
at the posterior pole of the egg just as in the mealy bug. They 
are larger, clearer, and their nuclei stain much more feebly than 
those of the other cells around them. Although there is no doubt 
that they, like those of the mealy bug and Lecaniodiaspis, are 
able to migrate, the movement is not well marked on account of 
the comparatively short distance that separates the blastodermic 
layer from which the germ cells are derived and the colony of 
symbiotic organisms. The germ cells of the cottony cushion 
scale come into contact with the organisms earlier than in the 
other two species, since the migration is a short one. This fact 
of the early association of the germ cells with the symbiotic 
organisms, and also the posterior position of the latter, led 
Mecznikow ('66) to a statement that the symbiotic organisms 
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which he called the pseudovitellus may act as the Keimbahn 
determinant in coccids and especially in Psylla. 
Following this stage, the germ cells become pushed anteriorly 
by the invagination of the ventral plate. When, however, the 
colony of symbiotic organism becomes stationary near the pos- 
terior end of the egg, the germ cells become also fixed, so to speak, 
at the place which corresponds approximately to the third and 
fourth abdominal segments. When the abdomen begins to show 
segmentation, the hass of germ cells becomes dekached from the 
colony of parasitic organisms and aggregates to form left and right 
syncytia, the miniature yet definitive ovaries. 
Thus the chief difference between the germ cells of the mealy 
bug and of Icerya is that, in the former, the germ cells early 
migrate to the anterior colony of symbiotic organisms on their 
own accord, whereas in the latter they move anteriorly, not by 
their own effort, but by the ingrowth of the germ band. 
The migration of the germ cells, singly or as a group, as I have 
observed in coccids, is by no means peculiar to this family of 
insects. Such an instance has already been described for the 
embryo of the potato beetle, Leptinotarsa decemlineata, by Heg- 
ner ('14), who found that the germ cells which apparently rest in 
the amniotic cavity migrated later on into the embryo through a 
sort of canal a t  the bottom of a groove in the germ band. 
In the two families of Homoptera, Aphididae and Psyllidae, 
which are closely related to Coccidae in form, life history, and 
habits, the primitive germ cells were observed, just as in the case 
of the coccids above mentioned, early in the embryonic devel- 
opment. Mecznikow ('66) described the primitive germ cells of 
parthenogenetically developing embryos of Aphis (Macrosiphum) 
rosae before the appearance of mesoderm cells. Eighteen years 
later, Witlaczil('84) not only confirmed Mecznikow's observation, 
but was also able to see a single large clear cell, the primitive 
germ cell, near the blastopore. 
The primitive germ glands of chrysomelid beetles have also 
been found to appear at about the same stage of development' 
as in the case of aphids. In Clytra laeviuscula, Gastrophysa 
raphani, Chrysomela menthantri, Lina populi, and Lina tremulae, 
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studied by Lecaillon ('98)' no differentiation has been observed 
among the cleavage cells until their migration to the periphery, 
when they become the blastoderm cells. Although the point at 
which the first cleavage cell reaches the periphery differs with the 
species, yet in all species which have been investigated so far a 
complete layer of blastodermic cells forms around the periphery 
of the egg. Those cleavage cells that eventually come to lie 
around the posterior pole of the egg where the polar granules are 
located, become larger and clearer than their neighboring cells. 
They then become disconnected. 
Wheeler ('89) was not so fortunate as to observe such an early 
segregation of the primitive germ glands in Leptinotarsa (Dory- 
phora) decemlineata. According to him, these cells arise as two 
elongated thickenings of splanchnic mesoderm. Saling's obser- 
vation ('07) on the development of genital cells in Tenebrio 
molitor is in accord with those of Heider and Wheeler in Hydro- 
philus and Leptinotarsa. The germ sells of Hydrophilus piceus 
also arise at  a much later period of development. According to 
Heider ('89)' the germ glands of this beetle are derived from the 
inner wall of the primitive abdominal segments on either side of 
the body. At  first they are indistinguishabIe from the neighbor- 
ing mesodermal cells from which they originate, but soon they 
grow in size, and their nuclei become clearer. In the following 
Orthoptera the germ cells have been observed to develop in 
such a manner and at about the same period of embryonic 
development as in Hydrophilus : 
Oecanthus niveus, Ayers ('83). 
Blatta germanica, Heymons ('90-'91) ; Wheeler ('99). 
Periplaneta orientalis, Nusbaum ('66). 
Xiphidium, Wheeler ('93). 
The sex cells of the Hymenoptera have been derived from 
mesoderm cells in much the same fashion as in the Orthoptera. 
This statement agrees with the researches of Grassi ('84) for 
Apis, of Carriere and Burger ('97) for the mason-bee (Chalico- 
doma), of Petrunkewitsh and of Nelson ('15) for the female 
honey-bee. 
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Several cases of germ-cell segregation during an early cleavage 
stage have been recorded in Diptera. As early as 1862, Robin 
described what seemed to be the primordial germ glands of 
Tipulides culiciformis. According to this investigator, four to 
eight buds were seen at  the posterior end of the egg. A similar 
observation was made by Weismann a year later in the egg of 
Chironomus. On account of their position Weismann called 
tliem 'die Polzellen.' Both Robin ('62) and Weismann ('63) 
failed to trace these cells up to the formation of definite organs. 
Metenikow ('65, '66) and Leuckart ('65), however, found that the 
'Polzellen' of Weismann migrate into the body cavity of the 
embryo and become the sex cells in Simula, Chironomus, Culex, 
and Miastor. In the following Diptera, studied by several 
investigators since then, germ cells first become differentiated 
before the completion of the blastoderm: 
Chironomus, Grimm ('70). 
Chironomus, Weismann ('82). 
Chironomus, Balbiani ("82-85). 
Chironomus, Jaworowski ('82). 
Musca, Kowalevsky ('86). 
Miastor, Kahle ('88). 
Miastor, Voeltzkow ('89). 
Calliphora, Lucilia, Graber ('89). 
Chironomus, Ritter ('90). 
Musca, Escherich ('00). 
Calliphora, Noack ('01). 
Chironomus, Hasper ('I 1). 
Miastor, Hegner ('13-'14). 
Meyer ('49) could not find the genital organs of Liparia auriflua, 
one of the Lepidoptera, until the caterpillars were over three 
weeks old, while Balnini ('69-'72) found them in the embryo of 
Tinea crinella at about the time the segmented appendages make 
their appearance. 
Woodworth ('89) and Schwangart ('05)' however, found a, 
comparatively early differentiation of germ cells in certain butter- 
flies. They found a thickening of the blastoderm near the 
posterior end of the egg, the inner cells of which differentiate 
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into germ cells. Later these migrate singly into the fourth to 
the eighth abdominal segment and there become the forerunner 
of the ovarian celh. 
The primitive germ cells in Forficula auricularis were also 
found by Heymons (’95) at  about the same stage as in the case 
of the butterflies mentioned above. 
Heymons (’96), who could not find the genital organs in the 
embryos of certain dragonflies and May-flies, is of the opinion 
that in the Ephemeridae and Odonata the first genital rodiments 
seem to appear during the larval life. This is, indeed, a case of 
the latest segregation of the germ cells so far recorded among the 
insects. 
From the foregoing brief survey of the germ-cell formation in 
insects, it becomes clear that a considerable variation is evident 
in the manner and also in the time of their differentiation. This 
variation is not a continuous one, but is such that the insects, 
whose germ cell formation so far has been studied, can be grouped 
in the following three categories: 
1. Cleavage differentiation : Diptera, possibly Hymenoptera. 
2. Blastodermic differentiation : Aphids, Chrysomelids, Lepi- 
doptera and Coccids. 
3. Mesodermic differentiation : Orthoptera, Aptera, Neurop- 
tera, Hymenoptera, parasitic forms, Ephemeridae, Odonata, 
Dermaptera and probably Heteroptera. 
It is interesting to note that in all insects, the germ cells of 
which have not been observed prior to the formation of mesoderm, 
no special posterior inclusions have been found. Conversely, 
in all the eggs having a certain kind of polar inclusion, whether 
it be of nurse cell, epithelial cell or of nucleolar origin, the earliest 
segregation of the germ cell has been recorded. Nevertheless, it 
must be stated that the differentiation of the germ cells as such 
cannot solely be accredited to the so-called ‘Keimbahn deter- 
minants’ of Hegner. The germ cells of the Chrysomelid beetles 
that possess the polar granules, appear at  about the same time 
as those of aphids and scale insects where there are no such 
granules, but parasitic organisms. Such a striking case is that. 
of Euvanessa, where there is no possible inclusion of any sort, 
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comparable to those of Coleoptera and Diptera, yet, even in this 
case, the germ cells arise just about the same time as those of 
Coleoptera. The facts just mentioned, that the germ cells of 
coccids, especially of Pseudococcus, become distinguishable as 
such long before their approach to the colony of parasites, in- 
dicate that the germ cells are by some chemotaxic action attracted 
to the inclusion and do not become germ cells because they come 
in contact with the latter. 
10. THE FORMATION OF THE DIGESTIVE TRACT 
The digestive tract of the embryo of the scale insects consists, 
as in other insects, of the fore-, mid-, and hind-gut. The procto- 
daum and stomodaum in the scale insects are formed in exactly 
the same manner as in other insects. The stomodaum grows 
from its ventral opening, the mouth, dorsally, traversing the 
future nervous rudiment almost perpendicularly, until it meets 
the long axis of the egg, and then it turns posteriorly and meets 
with the midgut rudiment. The posterior (proctodzum) invag- 
ination, on the other hand, takes place on the tenth abdominal 
segment, the segment which, at  the time when the anus is exter- 
nally visible, still lies curled over the thoracic segment (fig. 50). 
From this time on until the embryo completes its revolution, 
the posterior invagination proceeds very slowly, as a comparative 
study of the figures 126 and 127 will show. However, the rate 
of invagination after the revolution is exceedingly rapid. 
The midgut of Pseudococcus macdanieli Hollinger (MS) arises 
from the entodermal cells, the origin of which has already been 
described. 
The condition of the entodermal cells, at the time the thoracic 
appendages begin to have two segments, is shown in figures 93 
to 96. These represent consecutive longitudinal sections of the 
same embryo. The purpose of giving these serial sections is to 
show that the cells forming the entoderm are not in any way 
connected with the cells surrounding the colony of symbiotic 
organisms; that they are an altogether different kind of cells; 
that they are clearly separated from the mesodermal layer, and 
that they are also distinct from the ectodermal cells. The 
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entodermal cells, as illustrated in these figures, constitute two 
parallel layers extending from the caudal extremity, where the 
three germ layers arise, cephalad as far as the sixth or seventh 
abdominal segment. The cells of the ectodermal layer at  this 
stage are ellipsoidal, and their nuclei stain exceedingly dark with 
iron-alum haematoxylin, so they can be distinguished easily 
from the spherical cells lying below them. The sDherica1 cells, 
which form a layer closely opposed to the ectoderm, are larger, 
with richer nuclear contents than the cells of the ectoderm. 
Thus it is clear that there is no possibility of confusing the 
entoderm cells with the cells of the two other germ layers. 
The germ cells situated around the colony of symbiotic organ- 
isms, however, resemble the entoderm cells in many respects. 
The common origin of the germ cells and entoderm cells, however, 
can be disregarded by the facts that they originate at the two 
different periods in the development of the embryo and that, 
at  any time during their respective histories, the former never 
migrate caudad beyond the third and the latter cephalad beyond 
the seventh abdominal segments. 
Figures 126 and 128 represent two longitudinal sections of 
different embryos, similar to those in figures 48 and 51. In both 
cases the entodermal cells are much compacted near the posterior 
end of the embryo. A crescentic groove is shown in figure 126. 
This compacted condition of the entoderm and the appearance 
of a clear groove within the entoderm cells are both due, not to 
the actual massing or proliferation of cells as may be surmised, 
but to the proctodaeal invagination which causes the elevation 
of the posterior portion of the entodermal layer. 
Following these stages, the entoderm cells multiply rapidly 
and form a coiled tube (fig. 129), so that a transverse section 
through the fourth abdominal segment passes through the ento- 
derm three times as shown in figure 113. The midgut tube is 
pushed still 'further in toward the cephalic end of the embryo 
by further ingrowth of the proctodaeum until its anterior end 
meets and unites with the posterior elongation of the stomodaeum, 
the history of which has already been described. The condition 
of the alimentary canal shortly after the union of the stomodaeum 
with the midgut is shown in figure 14. During the stages 
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that follow the wall of the proctodaeum gradually becomes thin 
and membranous, while the midgut increases in size (fig. 130). 
After hatching, however, the cephalic portion of the midgut 
becomes enlarged and finally assumes a shape very much re- 
sembling the human stomach, while the stomodaeum remains a 
slender tube throughout (figs. 56 and 132). A greater portion 
of the midgut of certain coccids, especially that of Aspidiotus 
nerii, was thought by Mecznikow to be derived from the elonga- 
tion of the proctodaeal invagination, because, as he stated, the 
alimentary canal of coccids is very short. In the case of Icerya 
it was a very difficult matter to distinguish the rudiments of the 
midgut in the early stages, and consequently I might have also 
arrived at the same conclusion as Mecznikow did, had I not also 
studied its development in the mealy bug. 
In  all insects both the fore- and hindgut are derived from 
ectoderm, according to different investigators, with the exception 
of Diptera, in which, according to Voeltzkow ('88) and Graber, 
they are of mesodermal origin. 
In the aphids, which are closely related to the coccids, the 
alimentary system is, however, derived from a different source, 
according to investigators. The fore and hindguts are here also 
formed from the ectodermal invaginations. The midgut is 
claimed by Will ('88) to come from yolk cells, but according to 
Witlaczil ('84) the same organ is formed from the proctodaeal 
and stomodaeal invaginations and therefore is strictly ectodermal 
in origin. 
In the majority of insects, however, the midgut is formed from 
the anterior and posterior rudiments. These rudiments were 
frequently spoken of as entoderm cells, but more often claimed 
to be ectodermal in nature. The supposed entoderm cells in the 
case of the honey-bee are, according to Nelson's research, derived 
from anterior and posterior portions of the blastodermic tube 
which is in direct continuation with the side plate or ectoderm. 
Thus, the point of interest in the formation of the midgut in 
coccids is this : the midgut is entirely derived from its rudiments, 
the entoderm cells, situated at  the posterior end of the embryo. 
This is, so far as my knowledge goes, a new type of the midgut 
formation, never recorded in the case of the class Insecta. 
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11. SUMMARY 
1. The three ovarian elements, namely, the nurse cells, the 
egg cell, and the follicular epithelial cells, are derived from the 
primordial germ cells. All germ cells are exactly alike during 
the oogonial period. The first differentiation begins after the 
next to the last oogonial division. Few peripheral cells undergo 
the last oogonial mitosis and enter into the so-called growth 
period of the oocyte of the first order. Their nuclei are, at first, 
condensed near one pole, but later become thread-like. At this 
point another change occurs: three or four out of a group of four 
(Icerya) , or five (Pseudococcus and Lecaniodiaspis) oocytes 
situated peripherally overgrow the single cell situated at  the 
proximal end and secrete a sort of nutritive substance. At the 
same time their nuclear contents become granular. These are 
the nurse cells, while the single cell situated at the posterior end 
becomes the true egg cell. The follicular epithelial cells, which 
invest the nurse and the egg cells are oogonial cells that happened 
to be at  the proximal part of the group. These epithelial cells 
multiply, like the somatic cells, by ordinary mitosis and their 
nuclear contents do not assume the appearance of either a con- 
densed or paired condition. 
2. The ovarian egg, at the time of its passage into the oviduct 
consists of the following parts: a chorion, yolk membrane, cyto- 
plasm, germinal vesicle with its nuclear membrane and contents, 
and a colony of symbiotic organisms. In addition to these, the 
eggs of Icerya and Pseudococcus contain fat granules and yolk- 
like substance. 
No case of amitosis 
occurs. Some of the cleavage cells later migrate to the peripheral 
cortical layer and become the so-called blastoderm, while the 
rest of them remain within the egg and become the so-called yolk 
cells. The first cleavage spindle lies at right angles to the shorter 
axis of the egg and the place where the cleavage cell first reaches 
the cortical layer is at  the posterior pole of the egg. 
4. The process of ventral plate formation is the so-called in- 
vagination type. The invagination occurs at a short distance 
ventrad to the posterior end of the egg. It is, at  first, a shallow 
3. All cleavage cells divide mitotically. 
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depression, but it gradually elongates to form a long folded tube. 
Only the dorsal wall of the invagination becomes the embryo 
proper, while the ventral wall gradually transforms into the 
amniotic layer. 
The second maxillae, first maxillae, thoracic legs, mandibles 
antennae, and labrum appear in the order given. As the brain 
grows enormously in size, the amnion in front of the brain is 
pushed against the serosa, with which it finally fuses. A$ this 
point of fnsion a rupture occurs, through which the embryo 
emerges, first the head, then gradually the rest of the body, and 
thus it rotates around the transverse axis of the egg, with the 
result that the poles of the egg and those of the embryo coincide. 
A short time before the revolution, a large ventral middle 
invagination occurs between the maxillae. At the time of the 
completion of the revolution this invagination forms the ventral 
cavity. The mandible and the first maxilla each produces, 
from its distal or pointed end, a long chitinous bristle or oral 
seta, while the labrum and the second maxilla together form a 
box-like framework. 
5.  A short time before the egg passes into the oviduct, a colony 
of globular (Icerya) or rod-shaped (Lecaniodiaspis) organisms mi- 
grate into the egg through the follicular epithelial cells situated 
a t  the anterior (Pseudococcus and Lecaniodiaspis) or posterior 
end of the egg (Icerya). The germ cells, the first definitive cells, 
migrate toward this colony of organisms and surround it. In  the 
case of Icerya, the germ cells, as well as the colony of the parasitic 
organisms, are actually pushed forward by the invagination of 
the germ band to a point a short distance from the anterior end 
of the egg. Then both the germ cells and colony of the 
parasitic organisms become stationary and do not accompany the 
further elongation of the germ band. In the case of Pseudococcus 
and Lecaniodiaspis, the germ cells which are formed a t  the 
posterior end of the egg, voluntarily migrate toward the colony of 
organisms located near the opposite end of the egg. From the 
colony of organisms the germ cells later migrate toward the tip 
of the invagination and form two definitive ovaries. 
6. In coccids there is a true gastrula. The entoderm, mesoderm, 
and ectoderm are all continuous a t  the tip of the invagination. 
EMBRYOLOGY OF COCCIDS 123 
7 .  The rudiments of both the brain and ventral nerve cord 
are derived from ectodermal cells of the ventral plate. The 
neuroblasts are formed on each side of the ventral middle line 
by mitotic division of ectoderm cells. Each neuroblast produces 
a series of ganglioblasts. The neuroblasts are teloblastic. Gan- 
glioblasts transform into nerve fibers, either longitudinal or 
transverse. 
8. The stomodaeum and proctodaeum are respectively derived 
from an anterior and a posterior invagination of the * ectoderm, 
while the midgut arises exclusively from the entodermal cells 
massed at  the posterior end of the embryo. 
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PLATES 
ABBREVIATIONS 
a., anus 
abd., abdomen 
Abdl . ,  abdominal 
ag., anal gland 
am., amnion 
ant., antenna 
bld., blastoderm 
ch. ,  chorion 
cvc., cleavage cell 
D., dc., dorsal organ 
e., eye 
ect., ectodcrm 
epd., epidermis 
epl., epithelial cell 
fb . ,  fa t  cell 
gangh., ganglioblast 
gc., germ cell 
gv., germinal vesicle 
ha., hair 
hag., hair gland 
lb., labium 
lbr., labrum 
lgl . ,  1st thoracic leg 
lgR., 2nd thoracic leg 
ZgS., 3rd thoracic leg 
m., mouth 
m d . ,  mandible 
meso., mesoderm 
midin t . ,  rudimeiits of midgut 
mus., muscle 
my., symbiotic organisms 
Mxl.,  first maxilla 
mxz., second maxilla 
nu., nucleus 
nc., nurse cell 
nb., neuroblast 
ng., neurogenic area 
nf., nerve fiber 
og., oogonium 
ocl . ,  ocular nerve 
oyt., oocyte 
oent., oenocyte 
oesp., oesophagus 
pb., polar body 
proc., proctodaeum 
rd., rudiment of abdomen 
salg., salivary gland 
stm., stomodaeum 
sr., serosa 
sp., spiracle 
ten., tentorium 
Ir., trachea 
v., vagina 
vg., vaginal gland 
up. ,  ventral plate 
yc., yolk cell 
gssZ., yolk substance? 
i., brain segment 1 
2., brain segment 2 
S., brain segment 3 
Y., Yolk 
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PLATE 1 
EXPLANlTION OF FIGURES 
Pseudococcus 
1 Ovary of larva at the time of hatching. 
2 A portion of sagittal section of the ovary of a larva in early fourth instar. 
3 As above. Much later stage. 
4 to  15 Stages in differentiation of the three ovarian cellular elements, 
namely, the nurse cells, egg cell, and follicular epithelial cells. 
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PLATE 1 
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PLATE 2 
EXPLANATION OF FIGURES 
Pseudococcus 
16 and 17 Stages in differentiation of the three ovarian cellular elements, 
18 A portion of transverse section through the egg chamber. 
19 Transverse section through the nurse chamber like the one represented 
20 Longitudinal section of an ovariole somewhat older than the one repre-  
21 A portion of transverse section of an ovarian egg. 
22 Longitudinal section of an early egg. 
23 A portion of longitudinal section through germinal vesicle. 
24 Longitudinal section of an egg when the germinal vesicle has reached the  
namely, the nurse cells, egg cell, and follicular epithelial cells. 
in figure 15. 
sented in figure 17. 
periphery of the egg. 
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PLATE 3 
EXPLANATION OF FIGURES 
Pseudococcus 
25 Longitudinal section of an egg somewhat older than the one represented 
in figure 20. 
26 Germinal vesicle in the metaphase of the first maturation division, 
lateral view. 
27 to  25 Longitudinal sections of egg of Lecaniodiaspis a short time before 
their passage into the oviduct. 
29 An oblique longitudinal section of the ovary of an adult Icerya, one hour 
after copulating. 
30 A portion of the ovary of an adult Icerya two days after mating. 
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PLATE 3 
28 
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PLA4TE 4 
EXPLANATION OF FIGURES 
31,33, and 34 
32 
Stages in growth of the eggs of Icerpa. 
A portion of longitudinal section of an egg of Jcerya fixed in boiling 
Flsmming’s solution. 
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PLATE 4 
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PLATE 5 
EXPLANATION OF FIGURES 
35 A portion of transverse section of the ovary of egg-laying female. Icerya. 
36 A portion of transverse section of a Pseudococcus larva in the third instar. 
37 Longitudinal section of the egg of Pseudococcus after the polar body 
38 The egg of Pseudococcus after the protrusion of the first polar body. 
formation. 
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PLATE 6 
EXPL4NATION OF FIGURES 
39 Longitudinal section of an egg of Pseudococcus, showing only one blasto- 
40 Longitudinal section of an egg of Pseudococcus. 
41 A portion of figure 43, more enlarged. 
42 Transverse section of the egg of Pseudococcus a t  the time of the comple- 
derm cell and several cleavage cells. 
tion of the blastoderm. 
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PLATE 6 
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PLATE 7 
EXPLANATION OF FIGURES 
43 The first cleavage cell of Lecaniodiaspis. 
44 Longitudinal section of an egg of Pseudococcus in an early blastoderm 
45 to  47 
48 and 49 Surface views of embryos, somewhat older embryos. 
50 Lateral view of embryo. 
51 
figure 50. 
stage. 
Surface views of embryos. 
Surface view of a somewhat older embryo than the one represented in 
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PLATE 8 
EXPLANATION OF FIGURES 
Pseudococcus. Toto preparations. 
52 Lateral view of an embryo during the process of revolution. 
53 Lateral view of an embryo after the completion of revolution. 
54 Surface view of an embryo like the one reprcsented in figure 53. 
55 Surface view of a much older embryo. 
56 Lateral view of st.ill older embryo a t  the time of the completion of the 
57 A Pseudococcus larva at the time of hatching. 
58 An early cleavage stage; toto preparation of an egg of Lecaniodiaspis. 
59 Surface view of a Pseudococcus embryo in an early invagination stage. 
60 Surface view of an Lecaniodiaspis embryo at the time of the appearance 
alimentary canal. 
Toto preparation. 
of the mouth rudiment. 
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PLATE 9 
EXPLANATION OF FIGURES 
61 
62 to  67 
68 and 69 
Lateral view of an Lecaniodiaspis embryo like the one represented in 
figure 60. 
Stages in the growth of the embryo of Icerya. 
Stages in the development of Iceryan embryo. 
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PLATE 9 
62 
65 66 
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PLATE 10 
EXPLANATION OF FIGURES 
70 to 75 Stages in the development of Iceryan embryo. 
72 Lateral view of an embryo shortly after the completion of revolution. 
73 Lateral view of older embryo almost ready to hatch. 
74 Emhryo a t  the time of the union of the midgiit rudiments with the pos- 
75 Ventral view of a larva eight hours after hatching. 
76 Longitudinal section of an Iceryan egg in early cleavage stage. 
terior prolongation of the stomodaeum. 
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PLATE 11 
EXPLANATION OF FIGURES 
77 Polar view of the metaphase figure, early cleavage cell of Icerya. 
78 A portion of figure 76,  much magnified. 
79 Transverse section of an egg of Lecaniodiaspis in early cleavage stage. 
81 Posterior half of longitudinal section of the egg a short time after the 
completion of the blastodermic sac. Pseudococcus. 
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PLATE 12 
EXPLANATION O F  FIGURES 
Pseudococcus 
82 and 83 Posterior half of longitudinal sections of the eggs a short time 
83 L~ngit~udinal  (oblique) section of a somewhat older embryo than the one 
85 to 87 Oblique longitudinal sections of more older embryos. 
after the completion of the blastodermic sac. 
represeented in figure 84. 
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PLATE 13 
EXPLANATION OF FIGURES 
89 Longitudinal section of an egg of Pseudococcus. 
90 A magnified view of figure 99 between vp. and my. 
91 Posterior half of a longitudinal section of an early Lecaniodiaspis embryo. 
92 A portion of figure 96, much magnified. 
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PLATE 14 
EXPLANATION O F  FIGURES 
93 t o  96 Pseudococcus. 
97 Transverse section of an embryo, Lecaniodiaspis, approximately in the 
98 Oblique longitudinal section of an egg of Pseudococciis. 
99 Longitudinal section of a Pseudococcus embryo. 
100 
Four consecutive longitudinal sections of an embrh-o. 
stage represented in figure 89. 
A portion of transverse section through the blastopore of Pseudocorcus. 
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PLATE 15 
7SXPLANATION OF FIQURES 
101 Oblique transverse section through the posterior end of an egg of Icerya. 
102 A portion of longitudinal section of an egg like the one represented in 
figure 66. 
103 Transverse section through the second maxillae of an Pseudococcus 
embryo like the one represented in figure 50. 
104 Transverse section through the second maxilla region of an embryo like 
that  represented in figure 50. 
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PLATE 16 
EXPLANATION OF FIGURES 
106 Oblique frontal section of the embryo like the one represented in figure 55. 
107 Transverse section of a Pseudococcus embryo somewhat older than t h e  
one represented in figure 55. 
108 Transverse section through thoracic region of the embryo represented in 
figure 105. 
109 Transverse section through the last thoracic region of an embryo some- 
what older than the one represented in figure 55. 
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PLATE 17 
EXPLANATION O F  FIGURES 
110 Longitudinal section through thc brain of an embryo like thc one repre- 
111 Transverse section through the t,horacic region of a Pscudococcus embryo 
112 Transverse section through the salivary glands of Pseudococcus. 
113 Transverse section through t,hc third abdominal segment of the embryo 
114 Transverse sect,ion of a Pseudococcus embryo like the one represented 
115 Another section of the same embryo as figure 114. 
116 A portion of figure 117 magnified. 
117 Oblique longitudinal sect.ioii of an embryo. 
sented in figure 51. 
like the one represented in figure 72. 
almost ready to hatch. 
in figure 51. 
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PLATE 18 
EXPLANATION O F  FIGURES 
118 Median longitudinal section of B Pseudococcus embryo a short time before 
119 Longitudinal section of the embryo of Pseudococcus a t  the time of the 
120 Longitudinal section of an Iceryan embryo. 
121 TransversP section of an Iceryan embryo like the one represented in 
figure 119. 
the completion of the alimentary canal. 
completion of the alimentary canal. 
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PLATE 19 
EXPLANATION O F  FIGURES 
122 Transverse section of Iceryan embryo like the one represented in 
figure 119. 
123 and 124 Hair glands of a newly hatched Pseudococcus larva. 
125 Transverse section t,hrough the eyes of an embryo like the one represented 
in figure 119. 
126 Caudal portion of an embryo Pseudococcus like the one represented in 
figure 70. 
127 and 128 Stages of t,he growth of the rudiment,s of the midgut of 
Pseudococcus. 
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PLATE 20 
EXPLANATION OF FIGUllES 
129 and 130 Stages of the growth of the rudiments of  the midyut of 
Pseudococcus. 
131 Longitudinal section of an Iceryan embryo a short time after the com- 
pletion of revolutions. 
132 Longitudinal section of an lceryan embryo like the one represented in 
figure 119. 
133 The colony of symbiotic parasites at the time of the hatching of larva. 
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